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EDITORIAL 
A 


Crisis in Earth Observation 


SATELLITE SENSORS HAVE BEEN IMAGING EARTH'S LAND SURFACE, OCEANS, AND ICE FIELDS 


since the early 1970s, The data sets derived from these observations have chronicled transfor 


mations on the planet's surface, ran; 


from urban spraw! to tropical deforestation, covering 
ists in the United States, supported by the 
National Aeronautics and Space Administration (NASA) and other agencies, have demon- 
strated the utility and societal benefits of the data in a wide 


.¢ of applications, including 
sop monitoring, coral reef mapping. water-quality assessment, disaster 


community planni 


ment, and homeland security. Sadly, this is about to change 

The workhorses of operational Earth observation, the Landsat series of satellites, now face 
crippling data gap. Landsat-7, launched by the United States in 1999 as the latest in the se 
2003 that severely limits its utility, Landsat-S, launched in 
life and will run out of fuel before 


suffered a sensor malfunction in 
1984, has far outlived its 3-year de 
the launch of the next satellite in the series, the Landsat Duta Continuity 
Mission (LDCM), which will occur in 2011 at best. IT LDCM fails 10 
launch (Landsat-6 pitched into the Pacific in 1993), then the societal 
benefits that have resulted from the Landsat program will come to an 


abrupt end. An equally troublis 


ituation faces the next generat 
of US. observational weather satellites. The National Polar-Orbiting 


these satellites for the study of Earth's climate has been cut 

John Marburger, director of the White House Office of Science 
Technology Policy. apparently a r 
Earth observations is badly needed. In response to a memo he issued in 
April 2005, « Future of Land Im ency Worki 
formed, That 


rees thal a strategy for ensuring future 


oup’s draft recommendations are due out this year. In the 


Group was 


cantime, India, China, and Brvil are launching Landsat-class satellites, 


Others countries, such as Libya and Nigeria, are experimenting with 


microsatellite systems for Ea 


es on the land surface (due to chan, 
ity, how can continued US. technological le 


Just ata time when mo land use or eli 
mate) should be a national pri Jership in siel 
wt be in question? While other nations are advancing their technologies, the United 
States appears unable to mai abilities. The U.S. Department of Agriculture now 
‘must resort to buying crop-n rom Indian satellites, This dependence on fon 
well increase: Even NASA may buy foreign data to fill the gap in its Landsat data, 
This crisis in Earth observation underscores the need for a more strategic 


rated Earth Observation System strategic plan, released in 2003, notes the “need for hi 


quality. global, sustained information on the state of the Earth as a basis for policy and decision 
inevery sector of our society." Unfortunately, a current focus of NASA—the “new vision 
ofa manned mission to Mars—is taking necessary Earth observations, The 
US. National Research Council's (NRC's) recent assessment of Earth observation capabilities and 
prospects concludes that $500 million per year isneeded to restore NASAS earth science prog 
and major changes are needed to salvage NPOESS. According to the new chairman of the House 
Science Committee, Bart Gordon, the United States will be “flying blind” if we don’t ensure that 
its Earth observation satellite system can continually collect data “to guide our policy decisions.” 
The US. Earth-observing strategy should prioritize the NRC recommendations, ensure 
continuous monitoring, and enable the development of lower-cost experimental systems t0 
measure critical variables. International partnerships in satellite development and operations 
should also be leverag 
zlobal community—must have continuous da 
appli 
needed. first o extricate the United States from the curret 


-d10 extend limited resources. Society—both the United States and the 
a about our home planet for priority societal 
naking. A clear vision and the associated resources are urgently 


tions and policy 


crisis and then to guarantee that a 


similar situation might not come back to haunt us later. 


~Scott Goetz 


10.1126/science.1142466 
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IMMUNOLOGY 
A Bacterial Anticomplement 


The complement system generates a finely regulated, yet 
potent antimicrobial response, making it an attractive target 
for bacterial virulence factors. Most commonly, endogenous 
regulatory proteins of the complement system are usurped to 
switch off complement activation, but the widespread human 
pathogen Staphylococcus aureus can inactivate the comple- 
ment cascade by a more direct means. Previous work has 
shown that the extracellular fibrinogen-binding protein 
(Efb-C) generated by S. aureus blocks the complement path- 
way by binding to the thioester-containing domain of the 
complement C3b protein; indeed, S. aureus strains that lack 
Efb-C display reduced virulence. Hammel et al, resolve the 
crystal structures for the C3-binding domain of Efb-C in its 
unbound state and in complex with the C3d domain of C3 
(shown at right). Structure-based functional studies suggest 
that native C3 is bound by Efb-Cin a way that alters its confor 
mation. As a consequence, conversion to C3b is prevented, 
and participation in the subsequent activation of the comple- 
ment cascade is also blocked. As well as binding native C3, 


Efb-C also had high affinity for C3b, again appearing to induce conformational changes, this time in the already 
activated form of the complement component, Effective targeting of the interface between Efb-C and the C3d 
domain by a small molecule could be useful in the treatment of S. aureus infection. — 5}S 

‘Nat. fmmunol. 10.1038/ni2450 (2007) 


ARCHAEOLOGY 
Fall of the Mitey 


Within a century after the arrival of Spanish con: 
4uistadors in Peru in the 1530s, the population of 
the Inca empire fell from an estimated 9 million 
to round 600,000, due largely to introduced dis 
eases, forced resettlement, and exploitation for 
labor. Its dificult to reconstruct the demo: 
‘graphic history of that collapse because the Inca 
hhad no written language. Chepstow-Lusty etal 
employed a new palaeoenvironmental toot, the 
abundance of sol-dwelling oribatid mites, to help 
fill in gaps in the record of population dectine. 
These mites, which are tiny 
arthropods related to spi 
ders, thrive on a diet rich 
inanimal excrement (in 
Peru, mostly that of la 
mas). By measuring 

the abundance of these 
creatures’ remains in 
pastures where the ani 
‘mals would have grazed, 
the authors were able to . 
determine how the abundance of 
Livestock, and by inference the level of human 
activity, hanged in the area around the imperial 
«capital Cuzco from about 800 to 1800 CE. The 


correspondence of the mite record to the histori: 
cal accounts ofthe Spanish invaders bolsters the 
accuracy of the technique. — HJS 

J. Archaeol. Sc. 34, 1178 (2007) 


ocnenistay 
Making Complexes Simply 


Even though proteomic studies may overest 
‘mate the number and variety of functionally 
important protein-protein interactions in cells, 
‘most such complexes are not abundant enough 
to be purified via classical biochemistry. Hetero 
‘ogous expression of well-folded proteins in the 
‘milligram amounts needed for structural studies 
isnot straightforward—especially not for 
Posttranslationally modified eukaryotic 
proteins—and arranging stoichiometric 
assembly is yet another hurdle. 
Fitzgerald et al. describe a bac 
Uulovirus-based system for making 
multigene expression vectors and 
‘demonstrate its utility for producing in 
parallel a combinatorial set of chromatin 
remodeling complexes built of wild-type or 
truncated subunits. Incorporating a phosphatase 
into the expression vector quantitatively yielded 
the de-phospho form of the complex. — G]C 
Stracture 15,275 (2007). 
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CHEMISTRY 
Rearranging Nitriles 


Although catalysis of alkene and alkyne 
‘metathesis has recently lourished, the analo 
{gous transformation of nitriles, which bear C-N 
triple bonds, has proven more challenging 
This reaction is appealing in part because of 
the relative ease with which CN groups can be 
introduced to diverse organic molecules. How. 
ever, the strength of metal nitride bonds can 
inhibit turnover. Geyer et ol. have prepared a 
tungsten complex with trifluoromethyl-subst 
tuted alkory ligands that acts as an effective 
‘atalyst for the metathesis of aryl nitrites R-CN 
to the corresponding alkynes R-CCR, with 
3-hexyne serving as a N acceptor to yield propi 
nitrile as a co-product; the reaction does not 
form N, in the absence of an acceptor. Alkyne 
metathesis occurs more rapidly under the reac 
tion conditions than nitrile alkyne cross: 
‘metathesis, and the authors note the conserved 
{gas-phase thermodynamic preference for cou: 
pling the aryl partners and transferring N to 
the alkyl moiety. The catalyst tolerates halides, 
methyl ester, and vinyl groups, a5 well as thio: 
phene substrates. — ]SY 


J.Am. Chem. Soc. 29, 10.1021/)20693439 


(2007). 
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SURFACE SCIENCE 
Buckled BN 


Acovalently bonded overlayer on a metallic sur 
face can be distorted to varying degrees, depen 
ing on the extent of lattice mismatch. For exam: 
ple, boron nitride (BN) overtayers can form sim: 
ple monolayers on close-packed Cu(111) and 
Ni(211) surfaces, but complex moiré patterns are 
‘observed on Pt and Pd surfaces. On Rh(111) and 
Ru(12) surfaces, scanning tunneling microscopy 
helped reveal the formation of “nanomeshes” in 
which 2-nm depressions formed a hexagonal lat 
tice with a 3-nm periodicity. For the Rh system, 
{his pattern was initially attributed toa bilayer 
structure in which the depressions were holes 
exposing the underlying metal. Laskowski et al 
‘iow propose an 

altemative struc 
ture that better 
explains the ultravio 
{et photoelectron spec 


High (blue and red) and 
{ow (cyan and yellow) BN 
‘on Rh(221) (black). 


tra for this surface and that avoids 
the energetic penalty posed by the many dan- 
4ling bonds in the two-layer structure. Density 
functional calculations were used to create a 
force field for a BN layer strained by 8%, its lat 
tice mismatch with Rh(111). When this overlayer 
was allowed to relax on the Rh(111) surface, it 
adopted a nanomesh geometry of flat depres 
sions ("holes") where the lattice match with the 


EDITORS’CHOICE 


substrate was high, surrounded by a region 
about 0.6 A higher, where poor lattice matching 
led to overtayer repulsion. This steplike corruga- 
tion in the surface normal direction relieves 
strain while maintaining the lateral dimensions 
of the BN layer. — PDS 

Phys, Rex, Lett. 98, 106802 (2007), 


ECOLOGY/EVOLUTION 
Pelagic Ecology 


investigations of the ecology of planktonic marine 
organisms run into the problem of reconciling the 
anonymity of morphological uniformity with the 
potential for ubiquitous distribution in the cont 
‘uity of the oceans and the observed genetic 
diversity. Foraminifera are good model organisms 
for disentangling protist biogeography, not 
only because they have left an unusually 
complete fossil record, but also because tiv 
ing forams display high rates of small: 
subunit ribosomal RNA evolution. 
Darling eta. find that one wide 
spread morphospecies has evolved 
into several types with distinct 
lobal distribution patterns that 
‘seem to have arisen during 
Northern Hemisphere cool 
ing in the Quaternary. Subsequently, gene flow 
has been restricted by the equatorial oceans and 
especially by the Gulf Stream. Adaptations for sur 
vival at cold temperatures have since developed 
and are related to niche: that is living within ice 
brine channels, in subpotar oceans, in upweltings, 
and soon. — CA 
Proc. NotL Acod. Sc. USA. 108, $002 (2007), 
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<< Cheering Up with VEGF 
Although the molecular mechanisms of antidepressant action remain 
IAVAAAS | leat one hypothesis suggest that simulation of rom actor inal 
ing and of adult neurogenesis in the hippocampus may be impticated in 
wwwastke.org tires. Warner Schmidt and Ouman instigated the effects fit 
pay ferent classes of antidepressants on hippocampal expression of the neu: 
rotrophic and proangiogenic factor vascular endothelial growth factor (VEGF), which their research 
group had previously shown tobe enhanced by electroconvulsive seizure (ECS) treatment. The abun 
dance of VEGF mRNA increased in the hippocampal granule cell layer of rats treated for 14 days with 
fluoxetine (a serotonin-reuptake inhibitor) or desipramine (a norepinephrine-reuptake inhibitor), as 
did the abundance of VEGF in hippocampal homogenates. Pharmacological blockade ofthe VEGF 
receptor Fik-1 inhibited the increase in cell proliferation in the hippocampal subgranular zone (SGZ) 
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produced by ECS or by chronic exposure to fluoxetine or desipramine, whereas intracerebroventric- nae 

tlar delivery of a VEGF isoform stimulated SGZ cell proliferation. Furthermore, pharmacological rrr 
blockade of Flk-1 inhibited the effects of desipramine on behavioral responses in chronic and sub- 

chronic rat models of depression, whereas VEGF had an antidepressant-ike effect. Noting that ani- —— 

depressants promoted the proliferation of hippocampal endothelial cells as well as hippocampal cider cotinn: 


neurogenesis, the authors speculated that this could play 2 role inthe treatment of certain forms of 
depression that are associated with vascular abnormalities. — EMA 
Proc. Natl Acad. Sci, USA 104, 4647 (2007). 
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Looking for solid ground in the ever-changing 
landscape of science & technology 
policy and budget issues? 


Join the nation’s top S&T experts at the 32nd Annual 
AAAS Forum on Science & Technology Policy 

3-4 May 2007 * Washington DC 

International Trade Center in the 


* Geta full analysis of the 
President's federal R&D 
funding proposals. 


* Have an opportunity to 
meet directly with key 
S&q policymakers. 


* Learn how the change: 
Congress are affecting S&T 
policy issues. 


* Network with colleagues, 
including top decisionmakers 
in science and technology 
policy from all sectors. 


* Learn about broader national 
and international develop- 
ments that will affect strate 
gic planning in universities, 
industries, and government. 


www.aaas.org/forum 


Ronald Reagan Building 


The AAAS Forum on Science and Technology Policy provides a setting 
for discussion and debate about the federal budget and other policy 
issues facing the science, engineering, and higher education commu: 
nities. Initiated in 1976 as the AAAS R&D Colloquium with about 100 
participants, the Forum has emerged as the major public meeting in 
the U.S. devoted to science and technology policy issues. It annually 
draws upwards of 500 of the nation's top S&T policy experts, 


+ Registrants will receive, at 
the Forum, AAAS Report 
XXXil: Research and Develop: 
ment, FY 2008, a comprehen- 
sive analysis of the proposals 
for the FY 2008 budget, pre: 
pared by AAAS and a group 
of its affiliated scientific, 
engineering, and higher 
education associations. 


For more complete details on 
the program, hotel registration 
and on-line registration, 
please visit the website: 
www.aaas.org/forum. 
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Unweaving the 
Rainbow 


From a rate nocturnal rainbow 

toa shimmering solar halo, the 
~almosphere can conjure up a host of surprising 
special effects, A general audience can learn to 
recognize these tricks ofthe light and under: 
stand thelr causes at Atmospheric Optics, hosted 
by retired chemical physicist Les Cowley of 
Norfolk, UK. 

Lavishlyilustrated with photos from sky 
watchers, the site explains atmospheric phenom 
‘ena produced when light strikes water droplets, 
ice crystals, and dust. Ths early-moming shot 
(below) from Mount Washington in New 
Hampshire, for instance, captures two sky specta 
les. The photographer's outsized shadow on the 
mist isa Brocken 
specter, and the 


‘glowing rings sur 
rounding itar 
“glory.” Arainbow 
forms because 


water droplets 
reflect and refract 
light, but a glory 
also requires that 
light skid along the 
surface of the droplet before being refracted. 
Visitors can further probe the effects using free 
software that simulates light scattering by ice 
crystals and fine droplets, >> vorwatoptics.co.uk 


Nanofinger 


Nanotechnology is adding a new weapon to the 
<rime fighter’s arsenal: a nano-solution for 
sharpening fingerprints. 

For more than a century, crime investigators 
have sprayed suspect surfaces with a water-based 
{gold oF silver solution to detect fingerprints 
The metal ions are reduced to a black precipitate 
along the lines of fatty deposits left by the 
skin ridges. But “even with the most advanced 
fingerprint techniques,” says chemist Joseph 
Almog of Hebrew University in Jerusalem, 

“less than a third” of good prints at crime 
scenes produce usable evidence, 

‘Almog, who is also a former chief forensic 
scientist forthe Israel National Police, and fellow 
Hebrew University chemist Daniel Mandler have 
found that attaching hydrocarbons to gold 
nanoparticles is the key. The fat-seeking hydro 
‘carbons guide the gold to the skin impression 
and lay down a metal trail. If this treatment is 
followed with the conventional solution, the 
‘gold catalyzes the precipitation of metal in 
solution, and the resulting fingerprints are far 


MA 
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Some fossits are rare, butthis one recently unearthed = \e 

in eastern Oregon may be positively mythic. In life, 

the 2-meter-long Jurassic seagoing crocodile (above), discovered by members of the 
North American Research Group, sported scales, needlelike teeth, and a fishtail. Some 
paleontologists, including Stanford University researcher Adrienne Mayor, think similar 
fossils may have inspired Native American representations of water monsters, Mayor 
notes the croc’s “remarkable” resemblance, for example, toa 19th century Kiowa artist's 


drawing (inset) of a legendary water serpent 


sharper, the scientists report in the curt 
of Chemical Communications. 

The new method could be “revolutionary” 
for crime fighting, says Antonio Cantu, chief 
forensic scientist for the U.S. Secret Service in 
Washington, D.C. But first, says Almog, it has to 
be refined, standardized, and field-tested in 
police labs. 


issue 


Modern Humans in 
Borneo 


An international team claims to have nailed the 
earliest evidence for Homo sapiens in Southeast 
Asia—to about 
16,000 years ago. 

In 1958, excavators 
working at Niah Cave 
on the island of Bomeo 
unearthed a skull cap 
and upper jaw of an 
anatomically modern 
human. Although 
radiocarbon dating of 
nearby charcoal frag 
‘ments put the age at 
about 40,000 years, many experts suspected the 
skull wasa newer “intrusion® into an older layer 

Since 2000, researchers led by archaeologist 
Graeme Barker of Cambridge University in the 
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United Kingdom have been reexamining 
the site. New radiocarbon dates, reported 
in the March issue of the Journal of Human 
Evolution, show that the cave was continuously 
‘occupied between 46,000 and 34,000 years 
ago. What's more, the group has now been able 
to date the skull itself, using a technique called 
Uranium series that revealed it was up to 
37,000 years old 

The scientists contend that Niah Cave is the 
earliest securely dated sighting of moder 
humans in Southeast Asia. They also uncovered 
evidence that the occupants were sophisticated 
hhunter-gatherers, hunting pigs and monkeys 
and detoxifying poisonous yams and nuts 
before eating them. 

Sandra Bowler, 
an archaeologist at 
the University of 
Western Australia in 
Crawley, says the new 
dates “suggest that we 
«an forget about the 
skull being from an 
intrusive ... burial 
James O'Connell, an 
archaeologist at the 
University of Uta in Salt Lake City, adds that 
the work shows that the Niah Cave people's 
sophisticated subsistence activities "were 
practiced at a surprisingly early date.” 
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Visit 


If you're proud to be an AAAS member, here you can 
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wear your membership with pride. And, as another 
great benefit of AAAS membership, all members 
receive a discount of 10% or more on every item! To 
receive your discount, enter code SBNs at the 
checkout. 


As with all AAAS programs, a portion of each sale 
goes toward our vital educational outreach 


programs. 


Don’t wait—visit eee ce ont 
and enter SBN5 for your discount. MVAAA 
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ABEL PRIZE. Srinivasa Varadhan, a probability- 

AWARDS. theory rescarcher at New York University 

(NYU) in New York City. has won the 2007 Abel 
dan for“ eteatyexpandin 


our ability to use computers 
simulate and 


nalyze the occurrence of rare events.” 

Varadhan, who was born in Madras, India, earned a Ph.D. 
from the Indian Statistical Institute and since 1966 has taught at 
NYU's Courant Institute of Mathematical Sciences, His research 
on probability theory has the potential to benefit disciplines such 
m field theory and traffic en 


quani 
Fitting 


he manner of a rand 


m event, the prize announce- 


last week caught Varadhan by surprise. “It’s still like a 
dream,” he told Science. “A I 
get it 


of people deserve it, but so few 


MOVERS Christoph Leemann plans to step down ‘One should always 
CROSSING BOUNDARIES. Neurobiologist | once his replacement is chosen. Leeman, leave at the top of 
Carla Shatz is returning to her roots. This 68, plans to spend more time sailing, one’s game 
summer, she will step down as chair of including racing a monohull Hobie 33. Leeman says. 
Harvard's neurobiology department and Last year, Leemann had to batten down the Leemann assembled 
em (Ct to California | financial hatches at the lab in Newport News, a top-notch scientific 
to lead the Bio-X Virginia, to deal with a budget cut from and technical staff, 


program at Stanford, | $86 million t 
where she held he looks brig 


78 million. But the future 
er, a5 the Department of Energy 
st faculty position | {DOE'S science budget grows and researchers 
om 1978 101991. | make progre 
'm thrilled,” say 
Shatz, "Stanford is 
really on a roll with On Campus >> 
an eiperiment | want 
to participate in, BLURRED IMAGE. AUS. journal and an indian panel have tied up on opposite sides in a case 

Bio-Xs an of alleged plagiarism involving a young Indian researcher whose degree hangs in te balance. 
attempt to foster interdisciplinary research Early last year, an anonymous e-mail claimed that a 2005 paper in the Journal of Biological 
in biomedicine. Its flagship building, the Chemistry (BO co-authored by Hema Rangaswami, then a 
James H. lark Center, has already proved Ph.D. student at the National Centre for Cell Science in Pune, 
to be fertile ground for interdisciplinary India, contained images that appeared in an earlier JBC paper 
collaborations among its 600 researchers— by the same authors. Last month, JBC withdrew the paper 
including 38 faculty members—drawn from Shelagh Ferguson-Miller, chair of JBC’s publications committee, 
25 departments, Shatz says, and she hopes Says a computer-assisted analysis found that two control blots 
were identical to images that had been labeled differently in a 
2004 publication. “To us, it seemed there had been deliberate 
misrepresentation,” she says. The paper examines signaling 
pathiays involved in the development of skin cancer 

Five months before the retraction, however, a scientific 
chair Harvard's neurobiology department. panel set up by the Indian government to investigate the charge 
Ithasn’t escaped her notice that only fiv found no evidence of image duplication or misconduct. Govindarajan Padmanabhan, a biologist 
Clark Center faculty members are women. at the Indian Institute of Science in Bangalore, who headed the Indian panel, says the panelists 
{want to do something about that. filled the researchers and examined original data 

Rangasnami received a provisional degree last year and now works asa postdoc at the 
SAILING. Having guided the Thomas University of California, San Diego (UCSD). Her supervisor, UCSD cancer biologist Renate Pilz, 
Jefferson National Accelerator Facility says she has reviewed Rangaswami’s work and believes the JBC paper is valid. Right now, 
through difficult times, laboratory dire Rangaswami has more on her mind besides completing her defense: This month, she gave 
birth to her frst cil 


says Dennis Kovar, 
who directs DOE's 
nuclear phy’ 


ator upgrade program: “He’s been 


a joy to work with. 


to encourage more participation from othe 
‘on campus. 

Shatz was the first woman to earn a 
doctorate in neurobiology from Harvard, 
in 1976, and in 2000, the first woman to 
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GENDER EQUITY 


U.S. Agencies Quiz Universities 
On the Status of Women in Science 


The US. government has b 


n questioning 
research universities to determine whether 


their treatment of women students in sei- 


ence and en iolates federal law 


Seience has learned that officials from the 
National Science Foundation (NSF), the 
Department of Energy (DOE), and NASA 
have visited four academic departments on 
three campuses in the past 14 months to 
monitor their compliance with 1972 law 
ation in educa- 


that prohibits sex diseri 
tional programs and activities receiving 
federal funds, The law's Title IX 
has traditionally been used to 


broaden wom 
inh 
ies; educators say it’s the first 


1's participation 


zh school and college athlet 


time th 
itto lon, 


government has applied 


standing gender imbal- 


ances in fields such as physical 
and engineerin, 


“I'm delighted that a start has 
been made.” says Debra Rolison. 


ist at the Naval Research 
Laboratory in Washington, D.C 

and longtime advocate for the 
enforcement of Title IX in ac 


demics, “This will push science 
and engineering departments to 


work harder to reeruit and retain 


female students and faculty.” 
Women are 


\errepresented in several 
areas of U.S, science: For example, only 
of graduate students in en; 


incering professors, are 
such imbal- 


ances merely reflect personal preferences, oth- 
ne a male-oriented culture within many 
science and engineering departments. A 
2004 report by the Government Accountability 
Office, which scolded NSF, DOE. and NASA 
for not checking to see whether thei g 
ith Title X, prompted the eur- 
rent round of reviews. In 2005, Congress also 
ordered NASA to do two such reviews year 

In spring of last year, DOE officials vis- 
ited Columbia University’s physies depart- 
ment to conduet the a 


ers bl 


intees 
‘are complyin 
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onsite Title IX compliance review. NSF 


officials did the same thing around the same 
ime at Columbia’s electrical engineerin 

sartment, And NASA officials looked at 
departments at 
the University of Michigan, Ann Arbor, and 
the University of Maryland, College Park. 


nce proce: 


In addition to examininy 


dures, reviewers interviewed dozens of 


female students and faculty me 


access 10 laboratory facilities 


eral climate « 


their departments, as well as 


Team players. Amber Miller's experimental cosmology lab at Columbia University. 


gathering data on enrollment and faculty 
on. NASA's David Chambers say. 
n deliberately asked “who was in a 


his tea 


leadership position and who was doing 
note-takin 


as well as whether male and 


female 
likely to 
has repor 
whereas DOE 


raduate students were equally 
get research assistantships, NSF 
d its findings to Columbia 
id NASA plan to share 
reports with the universities this sprin, 

The nature of those 


annoying to some. At Columbia, cosmology 
professor Amber Miller described her DOE 
interview as “a complete waste of time” 
down every 


The reviewers “made us wri 


piece of equipment in the lab.” she says, and 


whether women were permitted to use each 


SCIENCE 


item on the list. She says the 


responded to her generic complaint about a 


shortage of lab space to press her on 


whether she felt discriminated against as a 


wanted to say, “Leave me alone, 
t my work done,’ " says Miller. 

Columbia's Department of Physics Chair 
Andrew Millis thinks that the reviewers’ con- 


and let me g 


cern about access to equipment suggests that 
they don’t really understand basic academie 


science. “For God's sake, everybody is so des- 


perate for good 
isthe last thing that faculty membersare look~ 
ing at when considering applicants,” he says, 


Frankly. the process has been alittle tedious.” 
But other academies say that questions 
about climate are appropriate, “To under 


stand if wom 


n face barriers, you have to 


look at the experiences of individuals in the 
department,” says psychologist 
Abigail Stewart, head of Michi= 
gan’s Institute fe 
Women and Gender, who was 
interviewed during the NASA 


Research on 


review. Jocelyn Samuels of the 
National Women’s Law Center, a 
Washington, D.C 
has pushed for compliance 


nonprofit that 


reviews, applauds the govern- 


ment for looking beyond obvig 


metrics such as the number of 
women students and faculty 
members in a particular depart- 


‘ment, “Sex discrimination in labs 


ranges from outright harassment 
id sexual ove 


ures to expres 
sions of doubt about women’s 
jes and exclusion of 
therings where lab 
matters may be discussed,” Samuels says, 


Ageney officials did not explain the 
basis for determining compliance and have 
not said what would happen if they uncover 
evidence of diserimination, But one DOE 
official noted that “this is not a “Gotcha! 


exercise, It is just a matter of ensuring that 


everybody gets equal opportunity 
Whereas DOE and NASA plan to con 
tinue their reviews, NSF's Ronald Branch 


says that an inter 
White House Office of Science and Technol- 
ogy Policy (OSTP) isnow leading the Admin- 
tion’s effort to monitor compliance 
OSTP did not return calls seeking comment. 
~YUDHIJIT BHATTACHARJEE 
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Selfish Genes Could Help Disease- 
Free Mosquitoes Spread 


Inspired by a true story"—that could hi 
the subtitle fora new study that brin 


the idea of disease-fighting 


mosquitoes a 
step closer. Researchers borrowed an idea 
life and, like 
Writers, adapted it to suit a different plot. 


from rea Hollywood sereen- 


The paper, published online by Science 


this week (www.sciencemag org egi/content 
abstract/1138595), addresses a crucial but 
often overlooked question: Even if you ean 
make mosquitoes unable to transmit disease 
how do you enable them to “replace,” or 
outcompete, the natural population? The 
study team, led by molecular biologist Bruce 


hen at the 


Hay and postdoc Chun-Ho 
Califor 
ced it by producin, 


1 Institute of Technology in Pasadena, 
selfish” 
genes in Drosophila fruit flies. The same 


answ aset of 


principle could be applied in mosquitoes as 
well, they say. “This the most exciting thing I 


have seen [in this area] for a very long time 
says Jason Rasgon, an insect eneticist at Johns 
Hopkins University in Baltimore, Maryland. 

The plan to battle disease usin, 


insects has been around for years. Scientists 


havealready spliced into mosquitoes genes that 


PROFESSIONAL SOCIETIES 


Leg up. A new study suggests a way to make 


ansgenic insects—such as this 
by a team at Johns Hopkins 


ead rapidly 


University — 


i. painful 
m of malaria. A 


viral disease, and the rodent fi 
‘malarta-resistant version of Anopheles gambiae 


ACS Drops Iranian Members, Citing Embargo 


The American Chemical Society (ACS) has 
reluctantly rescinded the membership of 
some 36 Iranian scientists after the society 


smbers in Iran vio- 


determined that having 
lates US. law. The society hopes to reinstate 


them affer obtainin, ernment lic 


a step that could set a precedent for other 
US. societies with Iranian members. 

U.S. organizations are prohibited from 
doing business with individuals in Iran, 
Cuba, and North Korea, but 
permits the trade of informational materials. 
That provision allows U.S. scholarly soci- 
4 major benefit to 


an exemption 


ties, whose journals an 


its overseas members, to retain ties to mem- 

bers in those countries, 
But ACS's stance chat 

General Counsel David 


d afier Assistant 
norodin reread the 


embargo rules and conchided that sellin 


lications to members at discount rates, a com- 


‘mon practice, represe 


beyond the trade of informational m 


He also believes that membership benefits 


such as “insurance, career counseling, ii 


tion to meetings, and educat 


i! onal opportuni 
are not exempt under the rules, although 
hie acknowledges that everseas members typi: 
We had no 
choice asa federally chartered organization but 
to comply with the law.” says Smorodin 


cally do not use those privileges. 


adding that his interpretation of the regulations 
did not“win [me] any friends within the ACS. 
In January, ACS's membership office 
informed the society's 36 Iranian members 
that their memberships were being discontin- 


ued, although they could still purchase m 
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the mosquito whose bite killsmore than | million 
people a year, is expected to arrive soon 
Almost $40 million fiom the Bill and Melinda 
wiven the field a big push, 
and may help pay fortrialsin giant 


Gates Foundation ha 


reenhouses 
within a few years, 

Yet one big question remains: Nobody 
quite knows how to give an introduced resist- 
ance gene an evolutionary leg up so that it 
becomes widespread. Natural selection alone 


probably won't doit. t's truethat hav 


(or parasite reproducing in its body does reduce 
a mosquito’s fitness, and a lab study published 
in the Proceedings of the National Academy of 
Sciences (PNAS) last week showed that 
mala 


resistant mosquitoes beat out their 


nonresistant rivals in the struggle for sur- 


vival—if both were feeding on malaria- 
infected mice. In real life, however, only a 
small proportion of mosquito hosts are 
infected, says Rasgon, one of the PNAS paper's 
authors, so resistance doesn’t offer a big 
benefit to make it race th 


lation, Some sort of active “driver” is needed, 


nou ough a popu 

Hay found inspiration for such a mecha- 
nism in a bizarre selfish genetic element first 
described in 1992 ina beetle called Tribolium 


castaneum. When female beetles 


1 single copy of this element, all their viable 
offspring have it, too; those that don’t simply 


As a result, the element, called Medea, 
» 


die 


spreads through populations 


rials from the society at the full rate, The move 
red David Rahni, an Iranian-American 
at Pace University in Pleasantville, 
New York. 
ACS should “refrain from allowing politics” 


nd an ACS member. who says 


to get in the way of scientific openness 


Smorodin says the society will soon apply for 
nse from the Department of Com- 
Assets Control 
ian members. 


alic 
merce’s Office of Fore! 


allowing it to serve its, 

Other associations are troubled by ACS 
proposed solution. “We have no plans to do 
anything similar.” says Judy Franz of the 
American Physical Society in College Park. 
Maryland, which also has members in Iran, 
“We would resist having to obtain licenseto 


the extent we can.” 
~YUDHIIIT BHATTACHARJEE 


1007 


1777 


| NEWS OF THE WEEK 


Researchers have proposed th: asricin, Medea-carrying flies were mated with wild- 


Medea produce several kinds of toxins, su 


produces a toxin during egg development. _ in their egg cells, along with their respective _ type counterparts, Medea-carrying flies took 


just before meiosis. That way, even if female antidotes, But making the insects produce over in 10 generations or fewer. By 


hing a 
beetles have only one copy of the element, exactly the right amount of toxin proved diffi- resistance gene into the genetic element 
The te 


ye “toxin” didn 


ht between the genes for the toxin and the 
need to bea protein atall: It antidote—it should be easy to make that 


the toxin ends up in all of their egg cells. mwas luckier after it realized th; 


After fertilization, the toxin ki 


Zygote—unless it has inherited the Medea could also be the al ne. They pro- spread through 2 population as well, Hay says, 
clement from either its mother or father. In duced fieswhose egg cells contain microRNAs although that experiment stil needs to be done 
that case, Medea producesa special antidote that silence a gene called Miui88, whose pre Applying the same strategy in mosqui: 
justin time to neutralize the toxin, tein product is crucial to pattern formation in toes will be quite bit of work, stys Anthony 


All of this is just a hypothesis to explain the early embryo. Embryos resu rom James of the University of California, 
Medea’s inheritance pattern, says Richard — these egg cells died. But if the embryos car- Irvine. Also, researchers have no idea 
Beeman of Kansas State L M ried the team’s Medea element, the “anti-_ whether the public will endorse the release 


tan, one of Medea's discoverers, who isstill try the form of an extra copy of genetically engineered insects, But, says 
ing to nail down the mechanism, But Hay and gene, switched on after fertilization— Kenneth Olson of North Carolina State Uni 
Chen decided they didn’t need to wait forthe came to the rescue, and development was nor versity in Raleigh, the new study isa big step 


answer to build the proposed system, toxin and mal, “To create a synthetic Medea—what an forward in making the notion of transgenic 
antidote included, from scratch in fruit Mies. amazing idea!” says Beeman, mosquitoes fly 
The team spent years engineering flies to And it worked. In cage experiments where MARTIN ENSERINK, 


CLINICAL RESEARCH 


Testing a Novel Strategy Against Parkinson's Disease 


One of the largest clinical trials ever for is the scientific director. “It’s a very new more energy and protecting mitochondria, 
Parkinson's disease, announced last week clinical trial for us and a new approach for — which in Parkinson's patients seem to mal- 
by the National Institute of Neurological enti function, leading to cell death, Whether ere- 
Disorders and Stroke (NINDS) in Bethesda Babcock declined to give precise num. ine is promising enough to justify a mas 


Maryland, ts experimental in more ways bert on how much the trial will cost: Buttha sive, long-term clinical trial in 


Jing f 


re, includ lity trials of — tight budgets is up for debate. “To be honest 


n’s compounds, is I think the evidence is not tremendously 


than one, officials say. It will use a novel entire 
her potential Parkin 


approach to test a nutritional supplement 
against a disease, with a goal of recruiting 
1 


And the method of selecting the test agent,a Babcock says. These ¢ 


ong” that creatine can help, says J. Timothy 


20 participants (half to receive a placebo), million above the initial estimate,  Greenamyre, director of the Pittsburgh 


timates are “fuzzy.” In 


ie for Neurodegenerattive Diseases at 


upposed energy booster called creatine, — she explained, because NINDS doe the University of Pittsburgh in Pennsylvania 


was unorthodox as well Another question is whether 


In 2000, the institute enough patients will sign 
began canvassing the commu up. because volunteers 


nity for compounds worth risk receivi 


g a placebo, 
Recruiting may be “a major 
le 


Joel Perlmutter, a neurolo. 


testing against Parkinson's 


dozens down to a handful of 
candidates for so-called futil etatan Wiahincten URTet 


ity trials, Rather than show 


sity School of Medicine in 
whether the compounds work St. Louis, Missouri, whose 


these small studies suggest center is one of the 51 partic= 


ipating. Babcock hopes the 


whether a drug is futile in 
combating the disease, offer of pure creatine will 
Creatine is the only com: attract volunteers, 


pound of four examined so Although Perlmutter con- 


tar to pass. NINDS is begin. 


siders creatine promising. 


ning to recruit early-stage he’s uncertain about it 
patients for a large, phase IIT mechanism and how it might 
trial to see whethera purified work against Parkinson’s § 
medicinal version can slow the disease’s know how many sit will run or disease. Still, “even if creatine completely E 
progress. Inanother twist, the institute may howthe c inthe 7 bombs,” says Perlmutter, the trial may still $ 
add more compounds to the trial if they its expected to las help teach researchers how to run lange- § 


pass futility studies. “The whole thing Creatine, which scale Parkinson's trials and identify new 


biomarkers. “JENNIFER COUZIN 


ng by Eliot Marshall 


is unusual,” agrees Debra Babcock of counter in health food stores, is tho: 


NINDS of the creatine trial, for which she _ help boost ATP levels in cells, giving th 


3 
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RESEARCH FUNDING 


Canadian Institutes Get Windfall 
Without the Bother of Competition 


OTTAWA, CANADA—Several Canadian 
research institutes will receive multimillion- 
dollar grants from the government this year 
without having even asked for the money. 

The government's unprecedented decision 


to dispense with peer review in awarding the 
ints—or even solicit advice on which pro- 
ims to fund 


re comes as a huge surprise to 


the science community, which has questioned 


the process even as it welcomes the windfall 
el like U've been adopted by a rich grand 
:* says David Colman, director of the 


Montreal Neurological Institute and Hospital, 
Which will get nearly $13 million, 

The gifts were wrapped in a 2007-08, 
‘budget, unveiled last week by Finance Minis- 
ter James Flaherty that boosts federal spend- 
ing overall by nearly 5%. But the biggest twist 
ina budget that also hikes science and technol- 


ogy spending by a government-projected 
1.40 87.8 billion (Seientce NOW, 20 March, 
sciencenow.sciencemag.org full 
2007/320/1), isthe proposed Centers of Excel- 
lence for Commervialization and Research. 
Finance and Industry ministry officials have 
already allocated some $130 million to cig 
institutions deemed best in class in fields that 
include brain research, stroke recovery. sus 


tainable energy, and optics. The money is 
designed to help them compete next year for a 
new $165 million pot of money to support 
work in areas in which Canada hopes to 


become a world leader. “It's sort of proof-of- 
concept stuff” says one ministry official 
Colman says the money will expand 
fledgling research programs on neural engi- 
neering neering techniques to 
B tindrstand and manipulate the behavior of 
E thee 
2 tems—and neuropalliative care. He 
§ applauds the government’ willingness to 
Z reward the country’s elite researchers with 
§ additional resources rather than trying to 
spread its wealth around. “This is what [like 
3 about this government. They're willing to 
E say. ‘These things are outstanding. And 
i 
8 
3 
a 
3 
5 
5 


using engi 


niral and peripheral nervous sys~ 


150 


because they're outstanding, let’s give them a 


pient, however, the govern- 
ment’s current largess is already more than 
adequate, Howard Burton is director of the 
Perimeter Institute for Theoretical Physics in 
>, Which receives $42 mil- 
lion in the new budget. BlackBerry mogul 
Michael Lazaridis helped create the institute 


Brain food. David Colman's Montreal Neurological 
{Institute and Hospital is one of several getting more 
government funding, 


1000 with an S85 million endowment 
(Science, $ December 2003, p, 1650), and the 
overnment chipped in $21 million. 


Ministry officials said that favorable reviews 
international panel evaluating that 


ard persuaded the 


from 3 
initial S-year a 
up more money 

“I'm very happy that we're held as an 
‘exemplar in terms of the research and the 
reach that we do” says Burton about the insti- 
tute’s ongoing work in foundational th 


to pony 


tum information theory. cosmol- 
my. and particle phys. But he says ws “not 
‘our intention” to apply for a centers grant 
because federal and provincial funding is 
for the next 3 ye: 


n scientists is 


rest complaint fre 
that national politicians and bureaucrats iden- 
tified and targeted disciplines for investment, 
and then picked individual winners, without 
benefit of scientific input and peer review 
“It's a dangerous precedent.” says Ronald 
Worton, chair of Research Canada: An 
Alliance for Health Discovery. a new advo- 
-y group for the research community 

have no problem with governments prioriti, 
ing and saying we're 10 support [on 
adds Worton, who is 
CEO and scientific director of the Universit 
of Ottawa Health Research Institute. “But 
therehas to bea process to arrive at this that ® 
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Stem Cell Results Questioned 
The University of Minnesota (UMN), Twin 
Cities, is looking intoa report of an irregular 
ity in the work of researcher Catherine Verfailie, 
a stem cell expert whose work has come under 
previous scrutiny. Fifteen months ago, New 
Scientist reported it had found data plots 
duplicated in two different Verfaillie publica 
tions, as well as confusing data relating to cell 
types cultivated in her lab {rom multipotent 
adult progenitor (MAP) cells, Although the 
duplication was ascertained to be an honest 
error, UMN got inconsistent answers from 
‘experts it consulted on the other data 
(Science, 2 March, p. 1207). 

Earlier this month, New Scientist notified 
the school of a separate problem: The same 
Western blot image appears twice in a 2001 
Blood paper—once as a control, then, with 
the image reversed, representing collagen. A 
U.S. patent application also contains the same 
image, this time signifying a bone protein, 
Verfaillie did not respond to a request for com: 
ment, although a Minnesota official says she 
has been cooperative, UMN is mulling the cre 
ation of an inquiry panel, which could recom: 
mend a “lll investigation, 

CONSTANCE HOLDEN 


The Hunt to Capture Carbon Is On 


CAMBRIDGE, U.K.—The British government 
has committed itself to funding a full-scale 
demonstration of carbon capture and storage 
Last year, the Labour government created the 
$200-million-a-year public-private Energy 
Technologies institute, which will be up and 
running in 2008. In his 2007-08 budget state 
ment delivered last week, Chancellor of the 
Exchequer Gordon Brown went a step further, 
promising to hold a competition fora carbon 
‘Capture demonstration plant. “We need to 
understand how the technology works in large, 
integrated projects so that we can develop it for 
deployment worldwide,” says Hannah Chalmers 
of imperial College London. Details will be 
released in May; the plant is expected to be 
operational early next decade 

Meanihile, in the U.S. last week, a power 
ful group of Democratic and Republican 
senators proposed legislation to expand coal 
sequestration research projects, including 
$300 million for “large-scale testing of carbon: 
sequestration systems.” The government now 
runs a smaller-scale injection research pro: 
‘gram. The legislation (5. 962) incorporates 
many of the recommendations ina recent 
Massachusetts Insitute of Technology report 
on coal research (Science, 16 March, p. 1480). 

DANIEL CLERY AND ELI KINTISCH 
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is robust and arrives at conclusions that are 
logical and transparent 

Worton is also upset with the size of the 
outlays ata time when the Canadian Institutes 
of Health Research (CIHR), Canada’s leading 
funder of biomedical research, has seen suc- 
cess rates for competitive grant proposals 
plummet from 32% to 16% in the past 
“That amount of money added to the CIHR, 
would have solved the whole problem,” he 
avows, The government announced it would 


GENETICS 


to $627 million. 

‘Canadian Association of University Teach- 
ers Executive Director James Turk says the new 
initiative not only sets a bad precedent but is 
also further evidence of the government's pref 
erence for strategic initiatives over basic 
research, both within and outside the grantin 
councils, “Sprinkled through all their discus- 
sions on research is a greater focus on tange 
ing.” he says, “and the federal government 
choosing the targets” But Claire Morris, pre 


dent of the Association of Universities and Col- 
Jeges of Canada, says that “good things can 
‘happen [through] partnerships between the pri 
vate secior, the public sector, and academia, 
Details of the new program are sparse. The 
winning institutes will have to come up with 
wutside funding, although the amount 
will be higher for centers focused on commer- 
cialization than for those doing basic research, 
WAYNE KONDRO 
Wayne Kondro wits trom Ottawa 


some 


Sequencers of a Famous Genome Confront Privacy Issues 


AUS. company has begun to trickle out infor- 
mationon aunique DNA study itcalls "Project 
Jim,” a crash effort to sequence the entire 
‘genome of a single individual. The results are 
likely to be made public this summer. 
Anonymity isout ofthe question: Ithas already 
been announced that the genome belongs to 
James D. Watson, winner of the Nobel Prize 
and co-discoverer of DNAS structure, 

Watson won't be alone: Harvard Medical 
School has approved a plan by computational 
4 George Church to sequence and 
ie public the genomes of well-informed 
Volunteers— including his own. And J. Craig 
Venter says his nonprofit institute will soon 
release a complete version of his genome. 
Venter contributed the largest share of other- 
wise anonymous DNA in the human genome 
sequenced by Celera Genomics in 2000.) 
These projects are adding urgency to an old 
issue: What constitutes sensitive genome data 
sand ow shouild those data be safewuarded!? As 
sequencing costs plummet, more and more 
individuals will be facing those questions 

Watson, 79, says he agreed to have his 
uenome sequenced when he gave a blood 
specimen 2 years ago to 454 Life Sciences in 
Branford, Connecticut. His reason was sim- 
ple: “curiosity about my life:" He figures that 
“On the whole, I will gain more from people 
looking at {the zenome]” than not. 

The company has a new “resequencing” 
technique that uses public data as a template 
and relies on massive DNA replication and 
‘computerized sorting to lower costs. It would 
like to show off its prowess. Michael Egholm, 
454% vice president of research and develop- 
ment, said in a telephone interview that 
the company’s “fundamental vision” is to 
make “routine human sequencing” afford 
able. 454 is one of several firms in race to 
claim this territory (Science. 17 March 2006, 
p. 1544). Company staff debated “who should 
be the first” person to be sequenced. Ezhoim 


Know thyself. Nobelist James Watson is planning to 
receive—and possibly share—a complete copy of 
his own genome sequence this year 


says. After a dinner with scie 
including DNA sequencer Ri 
according to Egholm., they d 
had to be Watson.” Watson not only accepted 
but also talked about it to the press 

When the project began, 454's equipment 
wasn’t up to the task, Egholm says. But 
improved technology m possible to 
sequence 10 billion bases in multiple overkap- 
nents of Watson's DNA “in a space 
ily this year. Egholm and 
cademic partners discussed prelimi- 
nary findings at a meeting of sequencers in 
Marco Island, Florida. in February. For exam- 
ple. accordin; holm, a comparison 
between the new data and the reference human 
genome in public databases si 

fe bout 97% complete 
1's genome has now been 
nced in triplicate, and company leaders 
and Gibbs—who heads the sequencing center 
at Baylor College of Medicine in Houston, 


‘Texas—estimate that a few weeks’ more Work 
‘would achieve sisfold coverage, enough for a 
“Very high quality diploid yenome.” The pro- 
jected cost is “about $1 million: 

Still undetermined, however, is precisely 
What the project will release, Watson agreed 
that his DNA sequence should be added to 
public databases. But he requested at the out- 
that his poF gene status—which can indi- 
cate a risk for Alzheimer’s disease—be 
blanked out. Company staff then realized, 
Egholm says, that more might need to be 
blocked—perhaps all genetic loci currently 
known to be associated with disease risk 
Opting to block only high-risk DNA variants 
‘would signal that Watson has those variants. 
Another problem: Some spots now considered 


innocuous may be linked to disease in the 
future ion for Watson's sons. 

As Baylor scientists got involved, Gibbs 
and ethicist Amy McGuire of Baylor's Center 
for Medical Ethics and Health Policy 
presented the project (without identifying 
Watson) to the college's Institutional Review 
Boand (IRB). The first step was to obtain a 
‘more rigorous consent, That was done. and the 
IRB gave its approval on 19 March, But public 
agencies have given “very little guidance,” 
McGuire says, on how to handle privacy and 
consent issues involving relatives 

Baylor and 454 settled on a “data release 
pathway.” MeGuireand Egholm say. The com 
‘pany will putthe completed genome ona DVD 
and hand it over to Watson—perhaps, Egholm 
s. with a small ceremony. Watson will 
-ptresponsibility for discussing the risks of 
its release with his family, decide what should 
be blocked, and determine how and when to 
‘make the sequence public. Watson declines to 
sy more until the company is ready to publish 
an article—by July, be expects. 

As for Venter, he says he plans simply to 
nome without restrictions. 

ELIOT MARSHALL 


4 consid 


release hi 
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Massive Microbial Sequence 


Project Proposed 


Taking stock of the microbial world is like 
released this week by the U.S, National Acad 
emis’ National Research Council (NRC) 


trying to count the stars, Buta r 


outlines an ambitious program to decipher 
the incredible diversity of Earth's invisible 
life 


The Global Metagenomics Initiative 


ar with the Human Genome 


Project in size and relevance. “Understand 


ing the microbiome—human, animal, and 


says Michael Ashbu 


netivist at the University of Cambridge 
UK. and a co-author of the report. 
A decade ago, researchers were limited to 


studying only the microbes they could isolate 


Jess than 0.1% of 
Now, they 
ean sequence all the DNA from millions of 


and grow in the lab 
Earth’s estimated microbial lite 


different microbes in a sample and use pow 
erful computers to pick out the genes, This 
thas enabled 


them to identify wenes trom the full comple- 


of microbes in a particular 
environment, be it the ocean, 
or the human 
16 March 2007, 
june 2006, p. 1355), 


sewage sludge 
colon (Seience 
p. 1486: 

Already, these approaches are 
ling that mie 


ger role in human health, agri 
and the environment than 
“Every 


culture, 
previously realized. 


its inhabitants is directly or indi 
rectly influenced by microorgan 
isms,” says Jo Handelsman, a 
plant pathologist at the University 
of Wisconsin, Madison, and 
ofthe NRC panel. Micro: 


bial proteins may hold the key to 


cleaning up toxie wastes; developing “green” 


fuel sources; catalyzi 


the production of 


industrial products, food, and drugs: and pro- 


nterest in these possibilities 
prompted the N 0 
(NSF) and other U.S. federal agencies to ask 
the National Academies to help define the 


ional Science Foundat 


field, establish standards for met 


genomics 


research, and come up with goals for this 


Secrets of Our Microbial Planet, books.nap.ed 
‘atalog/11902.htmi 


Microbial genes revealed. Researche 
microbes (in di 


a three-pronged approach: single-investigan 
studies, medium-sized projects, and three 
fa 
live in particular habitats, The experts su 


scale examinations of the microbes that 


ral envi- 
live in 
hird focus on a 


gested that one project cover 


ronment, one look at microbes that 


human or other hosts, and 


community created by people—such as a 


sewage treatment plant, 
Researchers are already headed in that 
NSF awarded the 


new Center for Microbii 


Oceanography 
Research and Education, based in Hawai 
$19 million over the next $ years. A human 
microbiome initiative is under consideration 
as.a priority for the National Instity 
th in 2 
n countries have banded together to seek 


pS, Researchers from eight Euro- 


support for a €16 million effort on human g 


microbes, and a joint French-Chinese 


Mm 


senomcs Proje 
The NRC 
increased funding to improve the collection, 


tsbeing planned. 


annowstudy many dillerent 


storage, and analysis of the massive amounts 


of genomic and environmental data involved, 


Extracting information from the [sequence] 
data, that’sa hard problem; 1Drell 


nomics projects for 


says Dani 


who coordinates met 
the Department of Energy 

As for comparisons with that earlier 
sequencing effort: “This isnot like the human 


genome project, where you know when yc 
are at the end,” says James Anderson, a 
jonal Institute of 


microbiologist at the Ni 


Sciences in Bethesda, 


General Medic 
Maryland. 


How big this project n 
ss ELIZABETH PENNISI 
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Sharing the Flu (Data) 


sof the 
established a distributed computing grid to 


Nations on both si Pacific have 


improve research collaborations on avian 
influenca. The flu project, announced last week 


be managed by the 5-y 


Pacific Rim Applications and Grid Middleware 
Assembly (PRAGMA) project, based at the San 
Diego Supercomputer Center (SDSC). Sc 
in the United States, Japan, China, South 


tists 


Korea, and Malaysia will be able to remotely 


operate Lab equipment and share access to 


databases. The grid will have applications for 


other infectious diseases as wel, says Peter 
Arzberger of SDSC. The project has $350,000 
in start-up funding from the U.S, Army. 


MATTHEW BUSSE 


Stem Cell Work Restarted 
‘SEOUL—South Korea's National Bioethics 
Committ 


has decided to allow scientists to 


resume studies on human embryonic stem 
cell 
week 


removing a ban imposed in March last 
the Woo Suk Hi 
decision barred transfers of human 


candal. Last 


cells into animal eggs and egg donations 


olely for research purposes, allowing dona: 


ly of unused eggs collected originally 
for in vitro fertilization, South Korea's National 


Assembly wil review the rule 


which include a 
research ban for violators, before incor 
porating th 
later this ye 


Change of FACE? 
us. 
inking a move to stop funding long-running 


n in an expected bioethics bill 


VETTE WONG 


}epartment of Energy (DOE) is 


of the impacts of 


n various ecosystems. Forest 
ecologists Ram Oren of Duke University and 
Richard Norby of Oak Ridge National Labora 
DOE told them in Ja 

in the $7-million-a-year 
nent (FACE) efforl—which 
rt, and a farm 


tory say tha 
five of the six 
Free Air CO, Eni 
include forests, a 
be phased out as soon as 2008. Last 
DOE panel had 


wary that 


wuggested that the depart 
allow some projects to continue until 
have been lobbying DOE 
week, DOE official Jerry 
Xd told Science the department is weigh 


2010, and scienti 


for a reprieve, Th 


ing the 2010 date for some projects but that 


he wants to make room for new research on 


hat happens when elevated CO, levels are 
ned with other factors such as nutrients 
“ELI KINTISCH 


ot temperature 
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Spinning a Nuclear Comeback 


AU.S. company is ban 


ig on the world’s biggest and fastest centrifuges 


to restore the country’s capacity to produce enriched uranium for 
nuclear power plants at home and abroad 


PIKETON, OHIO—It's not easy to get a 
glimpse of the “American Centrifuge.” A 
visitor must first clear a checkpoint at the 
edge of the Department of Energy's (DOE's) 
1500-hectare Portsmouth reservation in 
southern Ohio, then pass through several sets 
of locked and guarded gates, Finally, one 
reaches the gargantuan, dimly lit centrifuge 
hall holding the centrifuges themselves 
four-story-tall white ghosts, just a few of 
them so far, looming in the twilight. 

Inside each one is a cylinder, called a 
rotor, that spins faster than the speed of 
sound. By separating one isotope of uranium 
from the other, the cylinder slowly increases 
the concentration of uranium-235, Hooking 
together thousands of these devices in ae: 
cade yields a fuel rich enough to sust 
nuclear chain reaction, 

This technology, a key to acquiring 
nuclear weapons, is one of the most tightly 
quarded in the world. In the desert south of 
Tehran, Iranian engineers are also trying to 
master the intricacies ofthe centrifuge. Ifthey 
succeed, fran could become one of a handful 
of nations with a full-scale centrifuge enrich- 
tment plant (see map). The United States 
rently, is not among that select group. Its 
membership expired in 1985 when DOE 
abandoned the centrifuge facility het 


Now the U.S, Enrichment Corporation 
(USEC), a private company that took over 
the government's uranium-enrichment ope 
ations in 1993, is trying to bring both the 
building and the technology back to life. The 
S2.3 billion project would employ thousands 
of centrifixges and turn the Piketon facility 
into a source of enriched uranium for 
nuclear power plants in the United States 
and around the world. The facility would 
replace USEC’s aging and unprofitable 
enrichment plant in Paducah, Kentucky, 
which uses a less efficient technology called 
gaseous diffusion. 

USEC’ engineers have retrieved draw- 
ings from locked vaults and rediscovered 
Jong-forgotten technical skills. “I like reliv- 
ing your youth.” says Dean Waters, one of the 
project's leaders. “You almost have to pinch 
yourself: “How can I be doing this again?" 

Global demand for enriched uranium is 
rising. and pricesare soaring. Yet the future of 
the project remutins uncertain. A small-scale 
demonstration of USEC’s technology that 
Was dueto begin last autumn has fallen nearly 
car behind schedul 
‘ogy works, some observers doubt that USEC 
has the financial muscle to build a full-scale 
plant. The company also faces increased com- 
Petition from abroad 


Building capacity. 
‘under development in anticipation of increased demand. 


Born in the USSR 
The modern gas centrifuge was born ina 
Soviet camp for captured German and Aus- 
trian scientists after World War II. Ordered 
by Stalin’s government to help build an 
atomic bomb, they took on the job of acquit 
ing uranium-235, an isotope that comprises 
Jess than 1% of natural uranium mined from 
the earth, Low-enriched uranium, with up to 
sranium-235, is used in power plants. 
Nuclear weapons contain highly enriched 
uranium, in whieh the concentration of 
U-235 exceeds 90%. 

The imprisoned scientists came up with a 
solution that employs a simple and light tube, 
balanced on a needle and spinning more than 
1000 times each second inside a vacuum 
chamber. When they fed uranium hexafluo- 
ride gas into the cylinder, centrifugal forces 
ar against the spinning 


pushed the gas ou 
wall. Atoms of uranium-238, being heavier, 
concentrated against the wall and also moved 


toward one end of the rotor, The lighter U-235 
moved toward the otherend. 

The Austrian mechanical engineer Gernot 
Zippe, one of the leaders of the team, carried 
this design—in his head, of course—to the 
West when the Soviets released him in 1956, 
“At first I did not want to have anything to do 
with this highly secret [technology] any- 
more.” said Zippe in a 1992 interview with 
this reporter, But he soon changed his mind: 
“L saw that the West was fir behind what we 
did in Russia, and I decided that it would be 
wrong to leave this to the Russians.” Zippe. 


centrifuge facilities are 
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Cylinder of secrets. USEC’s jennifer Slater and 
Bob Lykowski inspect a centrifuge in Piketon, 
Ohio. USEC digitally era: sensitive 
features from this image 


\who livesnear Munich, shared his secrets first 
\with the US. government, then with an indus- 
trial consortium in Europe called Urenco. The 
longer a centrifuge’s rotor is, and the faster it 
spins, the more effectively it can separate two 
isotopes. But this creates huge engineerin, 
challenges, Velocities around 600 meters per 
second, now typical for spinning rotors, test 
the limits of even the strongest materials. As 
rotors aecelenite, they pass through unstable 
phases called “critical speeds,” where the 
rotor's shape shifts slightly. The slightest 
imbalance can cause a rotor to rash cata- 
strophically, and minor stresses will cause 
bearings to fail 

Each heir to Zippe’s invention developed a 
different version of it, Soviet engineers filled 
cnrichment plants with millions of centrifiwes 
each one less than | meter tall. For many 
years, they made only small changes to 
Zippe's original, tried-and-true design. In con- 
trast, Urencoereated more powerful machines 
by increasing both the length and the speed of 
the rotors, And the US. effort, which began in 
1960 at Oak Ridge National Laboratory 
(ORNL) in Tennessee, created the world’s 
largest and most powerful centrifuge, “We 
started with the original Zippe machine” and 
improved it, says Waters, who was among the 
first scientists to work on the centrifuge at 
ORNL. “Then, within about 6 years, we dis- 
covered how to build the kind of machine that 
we're building today.” 

Th hine, developed during the 
1970s and early 1980s, stood about 14 meters 
tall and could enrich uranium five times 
faster than any Urenco centrifuge of its 
time. In the early 1980s, DOE began build- 
ing a home for it on the Portsmouth reserva- 
tion, right next to an existing gaseous diffue 
sion enrichment plant, By 1985, more than 
1300 machines had been installed in the 
new facility 

That buildup, however, coincided with the 
tanking of the US, nuclear industry. Faced 
‘with plunging estimates of future demand for 
enriched uranium, DOE officials pulled the 

s. the moth- 
stood ide in silent rows, a 
mausoleum of secret technology, “We had the 


centrifuge expert atthe University of Virgins 
in Charlottesville who worked on the project 
“People would come and wonder. ‘What were 
they thinking?” 
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Recovered memories 
There is, in fact, a Stonchengian quality to the 
Piketon plant, Its scale is massive—the build- 
ings cover 160,000 square meters—and its 
peculiar architectural features reflect the 
unique demands of its very tall and very fr 
ile tenants: doors five stories hi 
instance, and conerete floors that float on a 
vibration-absorbing foundation, 

From 1985 until last year, these buildings 
were used only to store containers of waste 


from the nearby gaseous diffusion plant. 
Now they are coming back to life. Over the 
past 2 years, the centrifies were dismantled, 
shipped to a classified kandfill st the Nevada 
Test Site, and buried. The first of a new gen- 
tion of centrifuges, identical-looking but 


quite different inside, are now arr 
The revival began in 1999, when USEC 
decided to bet its future on ce 
Uwifuges after the ris 
electricity made USEC'S 50-y 
old gaseous diffusion plant 
ruinously expensiv 
The company went looking for 
people who knew somethin 
the technology. “A surprising 


1g cost of 


number were still at Oak Ridge, 
says Waters, one of many nearing 
retirement. “Frankly, I do 
we would have resurrected this 
had that not been the case. 

USEC signed up ORNL asa : 
partner, Waters helped retrieve a 


piles of old technical reports, com- 
puter programs, and centrif 
related equipment from a labor 
tory vault, The know-how stored 
in human brains was even more 
“You can never put precisely into 


luable. 
nt 


everything that you know.” says Waters, 

The team set about recreating its earlier 
centrifuge, with one crucial difference, The 
new machine features a rotor made from 
Woven carbon fiber rather 
This stronger rotor can spin faster 
much faster, USEC offic 


fiberglass. 
how 
Is won't say. But it 


has made the world’s most powerful cen- 
trifuge even more so. 
A centrifuge’s ability to enrich uranium is 


measured in “separative work units” (SWU). 
According to Daniel Rogers, director of the 
plant in Piketon, each new centrifuge can per- 
form 350 SWU per year. By contrast, the 
machines that sat unused in the Piketon plant 
for 20 years were rated at about 200 SWU per 
year. Julian Steyn, president of the consulting 
firm Energy Resources International in Wash- 
ington, DC.. says the latest Urenco centrifi 
which have carbon-fiber rotors about 6 meters 
Jong, can run at 70 to 80 SWU per year 
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Is tall and fast a winner? 
USEC officials like to compare their 
machine to a Mercedes. In contrast, says 
one, Urenco’s resembles a Volksw 
‘company slide show states it bluntly 
and Fasteris Better.” 

USEC will need only one-fifth the number 
of centrifuges as Urenco to produce the sume 
amount of enriched uranium. But USEC’s 
large centrifuges may be morecostly to manu- 
facture and to maintain. And reliability iseven 
more important, says Steyn, USEC’s ce 
trifuges will have to operate flawlessly for 
decades to hold their own against Un 
stable of centrifiiges 

Waters believes that his new centrifuy 
will prove the doubters wrong. In the 
1970s and 1980s, he says. eved 
reliability that was on the same order of 


we ach 


Wer 


galt Wh hh 


Expired, The 1300 centrifuges at the Piketon facility in 1985 were never used: 
they are buried in a classified Nevada landiil, 


magnitude as Urenco’s. We have several 
examples of ext 
The people who did that are working on 
this program today 

USEC is also facing a financial pinch, In 
USS. Securities and Exchange Commission 
filings last month, USEC estimated that a full 
scale centrifuge facility will cost $2.3 billion 
The company admitted tha 
form of investment or other participation by a 
third pany and/or the US. goverment” to get 
anew plant running. 

Most observers don’t think Unele Sam is 
likely to help out, Oncea tightly held govem- 
ment monopoly. the business of uranium 
enrichment is now—at least in the United 
States and Europe—dominated by comme 
cial priorities. Failing companies face bank- 
ruptcy rather than a government bailout 

For the first time, USEC also faces possi- 
ble competition on its own turf. With its € 
onthe US. market, Urence has acquired pr 
liminary approval for a full-scale centrifu 


ely reliable cascades. 


itwill need “some 


plant and has broken ground ne: 
Eunice, in southeastern New Mexico. Pro- 
duction is scheduled to begin in 2009, Mean 
while, GE Energy is testing another approach 
to uranium enrichment in Wilmington, 
Delaware, using lasers that are tuned to excite 
particular isotopes. GE Energy licensed this 
technology from an Australian company. 
There's not enough enrichment capacity in 
the West,” explains Steyn. Many U.S. power 
plants currently use fixe! that originally came 
from the Russian stockpile of highly enriched 
uranium, But the deal that makes this possible 
will expire in 2013, 


Some nuclear proliferation experts 
worry that the Piketon facility could be a 
tempting target for nations trying to 
develop nuclear capabilities. Urenco, the 
first of the commercial enrichment compa- 
nies, was the source of cen- 
trifuge technology that aided 
nuclear efforts in Pakistan and 
other countries, In particular. 
A. Q. Khan, a Pakistani metal 
lurgist who worked for a Urenco 
contractor in the Netherlands in 
the early 1970: 
of centrifuge design before 
returning to Pakistan, where he 
Jed that n 
efforts to create a nuclear bomb, 

Noting that USEC, like Urenco, 
plans to rely on contractors to man~ 
ufacture most of the centrifuge 
components, Harvard University 
proli reher Matthew 
Bunn says that “the more differ- 
ent sets of people have their eyes 


pbtained details 


tion’s successful 


‘on parts of the centrifuge, the more chance 
there is for that technology to leak,” Rogers, 
however, says that USEC has tightened 
security in recent years to address prowing 
proliferation concerns, 

USEC’ nest step is construction of a small 
pilot cascade, with up to 240 centrifuges, 
inside the Piketon plant. The pilot will per- 
suade potential investors that th 
Centrifige is both technically and economi- 
cally viable, says Rogers. Its running slightly 
behind schedule: The “lead cascad 
expected to start up last fall, but USEC is now 
aiming for the end of this summer, 

Virginia's Wood hopes that it succeeds, 
putting the United States back into the big 
Jeagues of uranium enrichment. “USEC 
gh road, but I’m pulling for them,” 
he says. “I would hate [for us] to be the only 
country in the world that doesn’t have a 
centrifuge plant DAN CHARLES 


was 


has a to 


Dan Charles isa freelance science writer 
in Washington, D.C 
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PROFILE: PHIL BARAN 


Chemical High-Flyer's Strategy: 
Take Away the Safety Net 


Synthetic chemists take great pains to ward off unwanted reactions. A young researcher 
says they can save time—and learn new science—by dropping their defenses 


The way synthetic chemists tell it, three 
things in life are unavoidable: death, 
s. Phil Baran can’t do 


anes, 


and p 
much about death of taxes, But the 


old chemist at the Scripps Research Institute 
in San Diego, California, is making consid- 
erable headway on the third item: a class of 
molecular stoppers that chemists append to 
key sites on their molecules to keep unwanted 


reactions from creating chemical gar 


Amo 


the scientific 


unwieldy molecules—the sort that 


has spent cons perfecting — protecting 


are a must. But they carry a high price tag 


Tacking them on and later st them 


pin: 
off'adds so many steps to a typical synthesis 
hard 
and the final yield of the desired compound 
vanishingly small. 


that they make the work maddeni 


In his young career, Baran has set 


find an alternative to waging this synthetic ba 


tle, His solution has been to develop a sort 


molecular judo that takes advantage ofa mole- 


cule’s 
to fight them head on. This 
judo master might call 
its strength. Last week, Baran and his students 
tunveiled the latest displays of th 
‘e and the Jot 
American Chemical Societ 


active propensities f an trying 


in papers in N. 


which showed 
that they could make a variety of hi 


plex, n 
either minimizing the number of protecting 
groups or doing away with 
Earlier this week, such featsalso helped Baran 
reel in this year's Ni Fresenius Award, 
which the Americ 
a promising chemist 


Chemical Society gi 
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Gentle giant. Baran (c 
streamline the synthesis 


Vis pioneering an effort 
natural products 


Baran isn’t the first chemist to try to do 
more with less. But doin, 
ing groups for synthesizin; 


products is 


away with protect- 


complex natural 


re, That’s because I 
compounds are studded with sites known as 
functional groups that are difficult to control 
says Jie Jack Li, a medicinal chemist at Pfizer 
in Ann Arbor, Michi 
cules, thereare so many funct 


n. “For large mole- 


nal groups, its 
hard to touch one and not the others.” Lt says. 
The typical solution: protecting all but one to 
the problem, 

Baran 


zntler display of control is floor- 
ing many of his colleagues, “This guy is an 


off-the-scale youn, 


ter who towers above 
everyone else in his 


soup,” says Elias 
J. Corey, a chemist at Harvard University who 
won the 1990 Nobel Prize in chemistry for 
developing the logical foundations of synthe 
sizing complex molecules. As Baran’s forme 
postdoctoral adviser, Corey might have reason 
to be biased, But other synthetic chemists are 
equally laudatory, calling Baran “exciting 

Phil is 


nic chemistry 


impressive.” even “a superstar.” 


for a long time to come,” 
Stevenson, a synthetic or 
DuPont in Newark, Delaware 

He's certainly off to a fast start 


concludes Tom 


anie chemist tt 


After 
blitzing through his undergraduate degree at 


New York University in 


years, Baran spent 
his skills with two of 
synthetic organic 


the world’s leadi 


chemists—earnin 
the lab of K. C, Nicolaou before settling in 


with Corey for his postdoc. When Scripps 


his Ph.D. at Scripps in 


then offered him a position, Baran says he 
was both excited and concerned about how 
to focus his research, 

After working with Nicolaou and Corey 
Baran says he was enamored of synthesizing 
large, complex m 
ulty members start out with such complex 
You 
start out on [developing novel reaction meth- 
ods] and move towards synthesis, 


lecules, But few youn, 


synthetic projects. people typically 


Baran says. 
But he recalled a quotation from Corey ina 
chemistry textbook that said there is still 
plenty of room for discovering new ways to 
plan syntheses of complex molecules, T 
inspired him to see whether he could eraft 
such a plan without protectin 

The problem is a tricky one, Take a 
marine natu 


al product called hapalindole 
U, one of the molecules Baran and his stu- 
dents reported synthesizing in their Nature 
paper. The compound ha 


that approach required 20 steps. 


been synthesized 
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half of which involved either putting on or 
taking off protecting groups on five differ- 
ent sites around the molecule. At one point 
in the synthesis, for example, the growing 
molecule sports an indole group. a five 
member ri a nitrogen atom 
that’s just begging to react with any elec- 
tron-hungry compound. The conventional 
approach caps that nitrogen with a short, 
chainlike compound ealled a Boe group to 
stymie its reactivity 

Baran and his students, however, opted 
to put the nitrogen’s reactivity to use. They 
reacted the indole with a highly basic com 
pound called LHMDS, which ripped a pro- 
ton off the nitrogen. They carried out 
related preparation of another molecular 
fragment called a terpene. With those 
groups primed, they then linked two frag- 
ments using a specially invented reaction 
designed to target only the linkage site, By 
continuing with the strategy, Baran’s team 
‘cut the synthesis of hapalindole U down to 
eight steps. Using the same approach, the 
group turned out another compound in 10 steps 


that had previously required 25. “This 
really challenges the rest of us to think that 
wa 


.7 Stevenson says 
In addition to making for more efficient 
syntheses, Baran says he’s found that the 
biggest advantage of using molecular judo is 
that it forces him to invent new chemistry 
along the way. Adding protecting groups, 
Baran says, gives researchers the illusion that 
they can control the chemistry they are work- 
ing on, But in reality, protecting groups are 
added precisely because researchers have not 
managed to emulate the exquisite knack bio- 
logical enzymes have for operating on just one 
bond on a molecule. Removing that safety net 
forces researchers to find ways to match biol 
ogy’s control, “The point is not to say you 
should blindly throw away all protecting 
groups.” Baran says. However, he adds, doing 
so in select cases “is a vehicle for discovery 
and adventure.” 

Ithas a practical upside as well. Fewer 
synthetic steps mean more of a desired 
compound at the end. because each added 
step produces some loss. A 20- t0 25-step 


synthesis typically yields just milligrams of 
a compound, too litle for extensive studies 
of its biological activity. Baran’s approach, 
by contrast, typically produces final com- 
pounds by the gram, Naturally derived com- 
pounds, Li points out, remain at least the 
starting point for about 50% of all new 
drugs today, excluding small changes to 
existing compounds. But in many eases, 
such as with compounds harvested from 
‘marine organisms that are difficult to col- 
lect, researchers can’t get their hands on 
enough of the naturally occurring com- 
pounds for biological tests. Having grams 
or more of a compound to work with could 
change things dramatically. “This could 
potentially revolutionize both [drug] dis- 
covery and development.” Li says. 

Baran, Corey, and others caution that syn 
thetic chemistry’s gentle way can't be used in 
every case. But Baran has already shown that 
it works witha wide range of complex mole~ 
cules. That's an achievement in itself and 
likely a harbinger of many to come. 

ROBERT F. SERVICE 


PLANT PATHOLOGY 


Deadly Wheat Fungus Threatens 
World's Breadbaskets 


New mutations have put an old killer back on the map. As it spreads, breeders are 


racing to develop resistant plants 


Scientists thought they had beaten Puecinia 
graminis a long time ago, and for good. 
Before the lite 1950s, the fungus was notori- 
‘ous for causing black stem rust, one of the 
most devastating diseases of wheat. Every 
few years, outbreaks would lay waste to entire 
fields somewhere in the world, sometimes 
siveeping across great swaths of continents in 
matter of months, 

Salvation came with the development of 
\wheat varieties that resisted the disease, which 
are widely credited with helping to usher in the 
zgreen revolution in the 1960s. The new culti- 
vars caught on rapidly, helping ensure bumper 
«crops not justin the United States but in devel- 
oping countries as well, “Stem rust was some- 
thing we felt we had solved.” says Miriam 
Kinyua, a plant breeder at the Kenya Agricul 
tural Research Institute (KARI) in Njoro, 

But stem rust is back. and it’s more danger- 
‘ous than ever before, In 1999. a new race of the 
fungus was discovered in Uganda that ean 
defeat the resistance of most varieties of wheat. 
‘The fungus spread in northeast Africa for sev- 
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‘eral years while researchers scrambled for 
funds to study it, In January, pathologists 
announced that it had jumped the Red Sea into 
the Arabian Peninsula—on a path to the major 
\wheat-growing regions of Asia. Compounding 
matters, anew mutation tumed up late ast year 


Against te grain. A cep 


that enables the fungus to infect even more 
kinds of wheat, “This is the most virulent strain 
‘we've seen in $0 years,” says Kay Simmons, 
the national program leader for plant genetics 
and grain cropsat the U.S. Department of Agri- 
culture (USDA). 

While pathologists nervously tr 
spread of the disease, breeders have 
up their search for varieties that can survive 
it. Already, they've had initial success with 
two that might help Ethiopian farmers. But 
it can take y »omplete field-testing 
and generate enough seed to distribute to 
farmers. With much of the world in need 
of resistant varieties, the challenge is 
jormous, says Wheat breeder 
Rick Ward, who coordinates the 
Global Rust Initiative. 

‘Stem rust is the worst of three 
rusts that afflict wheat plants. The 
fungus grows primarily in the 
stems, plugging the vascular sys- 
tem so carbohydrates can’t get 
from the leaves to the grain, 
which shrivels. In the 1950s, 
when the last major outbreak 
destroyed 40% of the spring 
wheat crop in North Ameri 
governments started a major 
effort to breed resistant wheat 
plants. Led by Norman Borlaug 
of the Rockefeller Foundation 
and others, researchers succeeded 
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by bundling several 
genes that conferred 
powerful resistance in 
new varieties. One 
gene, $73/—added 
later on a large chunk. 
ofa rye chromosome— 
also boosted yield and became widespread in 
Wheat varieties by 1980. Puccinia, in contrast, 
became ever more rare, and fewer new races 
arose, Researchers tumed their attention to the 
tw less devastating wheat rusts, leaf rust and 
yellow rust, that still cause trouble, 

‘Two decades later, pathologists and breed- 
cers were caught off urd when the new race of 
stem rust turned up in Uganda, It was first 
detected in 1999 ata research station, where 
many varieties of wheat were being studied. 

B Ravi Singh, chief wheat breeder and patholo- 
& ist at the International Maize and Wheat 
Improvement Center (CIMMYT) in Et Batin, 


Mexivo, revalls being alarmed when he heard 
how many kinds of wheat were susceptible. 
Most worrying was that this new rase—dulbbed 
Ug99—could even kill wheat plants outfitted 
@ with the resistance gene S731. Stil he says. 
few new races had turned up inthe past decades: 
i without causing epidemics. And Ug99 didn’t 
‘come back the next year “IF it shows up just for 
i 1 year, you can't make any major commitment. 
Shard to justif)." Singh says. 
In 2001, however, Ug09 started infecting 
1 Wheat cultivars at a research station in 
Kenya. It was noticed in Ethiopia 2 years 
later, Still, the response was minimal; CIM 
MYT was ina budget erunch, and it had lit- 
tle core funding that it could switch to the 
& problem, Singh says. Enter Borlaug. then 90 
years old. He and Christopher Doswell of 
the Consultative Group on International 
Agricultural Research wrote a memo in 
2 2004 urging CIMMYT leadership to make 
© U9 a priority, “We knew the dangers, and 
§ we blew the whistle,” Borlaug says. 
3 Shortly thereafter, CIMMYT and a sis- 
§ ter institute—the International Center for 
Agriculture Research in the Dry Areas 
(ICARDA)-—started the Global Rust Initia- 
tive (GRI) to coordinate efforts to track and 
study Ug99 and develop resistant varieties of 
3 wheat, With funds that Borlaug helped raise 
5 from international donors, CIMMYT and 
2 ICARDA began to send more seeds from 
their collections to be evaluated in Kenya, 
= where the pathogen is now endemic—so 
many seeds that the seven breeders and 
i pathologists at KARI’s Njoro research station 
2 are increasingly overwhelmed. “Ug99 is so 
© threatening that other problems have almost 
E been overlooked.” says Kinyua. 
So far, about 90% of the 12,000 lines 
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tested are susceptible to Ug99. That includes, 
all the major wheat cultivars of the Middle 
East and west Asia. At least 80% of the 
200 varieties sent from the United States 
ant cope with infection. The situation is 
even more dire for Egypt. Iran, and other 
countries in immediate peril. 

More bad news arrived last December. 
Tests on sentinel plots by GRI-funded 
researchers revealed that Ug99 had mutated. 
Testing at a USDA laboratory in St, Paul, 
Minnesota, showed that the new race can now 
also defeat $24, another key source of wenetic 
resistance. “That was the worst case scenario,” 
says USDA plant pathologist Yue Jin, who 
did the work. “It's increased the worldwide 
vulnerability incredibly.” Right now, this iden- 
tification may only be done in midwinter in 
Minnesota, so that any spores that might 
escape will be killed by the temperatures. 
Researchers are hopeful, however, that the 
recent sequencing of the Puccinia genome 
will speed development of diagnostic tools 
that can be easily used in Africa. 

‘Meanwhile, Ug99 continues its march. In 
January. Jin’s Minnesota tab confirmed that 
Ug99 had reached Yemen. The fear is that the 
spores will quickly spread via winds north 
through the Middle East and then head to the 
bread baskets of India and Pakistan, as an 
epidemic of yellow rust did in the 1990s. That 
epidemic caused some $1 billion in damage, 
‘and stem rust could easily triple those losses, 
(CIMMYT has estimated. 

Fungicides can help control the damage 
from Puccinia, and GRI will begin tials in 
June to figure out the best way touse them. But 
chemical treatments are too expensive for 
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many farmers in the developing world, Singh 
ys, so plant breeding is the primary strategy, 

Two new kinds of wheat have shown 
promis hiopia. “The yields are very 
favorable, comparable to the commercial 
Varieties." says Tsedeke Abate, director gen- 
eral of the Ethiopian Institute of Agricultural 
Research in Addis Ababa, where a half 
dozen scientists are working full-time on 
Ug99, The immediate challenge is to grow 
enough seed from these resistant strains to 
distribute to Ethiopian farmers, Last year, 
researchers harvested 15 kilograms of pre= 
cious seed. Then, ina painstaking effort, they 
hand-planted this wheat to maximize seed 
production, Spread over 4 hectares, the 
seedlings had extra room to grow and wet 
carefully watered and weeded by hand, The 
resulting yield was nearly 4 tons of seed of 
each variety. “They went to extraordinary 
efforts.” Ward says, 

Now, that suecess must be replicated for 
other regions. Singh says it’s important to 
come up with resistant varieties for coun- 
ties that aren't yet infected, Planting those 
before an epidemic strikes could help slow 
the spread of the disease. Egypt, for exam- 
ple, has vast tracts of wheat. If stem rust 
infects those crops, they will send enormous 
quantities of spores throughout the Middle 
East and toward west Asia. It’s a tight race, 
as several observers suspect that Us99 could 
start reaching Egypt later this year. 

Despite the world’s initial slow response, 
Borlaug, who turned 93 last week and is bat- 
ling lymphoma, stys he is optimistic that the 
fungus will be beaten again. 

ERIK STOKSTAD 
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Nice varitage poin 


IEFS>> 


the Dry Valleys of 


Antaretica, snowmelt makes Mars-ike 4 
streaks by seeping in and flowing dawnhil 
todampen and darken the scface 


Bringing Ma 


rtian Streaks 


And Gullies Down to Earth 


Forall their dramatic visual appe 
of Mars are proving mighty eti 


Jook as if they were cut the other day by 
from crater walls 
ogy, looks aren't 
everything. Seven years after discovering 


rivulets of water seepi 
and cliff faces. But in 


gullies, planetary geologists 
still disagree about where the 
water comes from and even 
Whether water was involved at 
all, Add in the even more con- 
tentious dark streaks that 
mark other marti 
you've got no 


nslopes.and 
1d of debate 
over the recent history of wa 
onthe Red Planet. 

At the meeting, planetary 
geologist James Head of 
Brown University and col- 
leagues offered a down-to- 
earth resolution of the gully- 
and-streak conundrum. Ifa 
cold, dry Mars works the way 
the hyperarid and perennially 
frigid Dry Valleys of Antarctica 
do, they said, streaks and gul- 
lies are both shaped by flowin; 
water, the one from below and 
the other above and below. 


the gullies 
matic. They 


During a 3 


helicopter apy 


/ 


show no sig 


erosive spring. 


rocky debris 


Twins? Streaks in Antarctica 
(top) and on Mars (bottom) bear 
a strong family resemblance. 
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comparable to things seen on Mar 
said, Like martian streaks. these are dark. 
stretch down steep slopes, and 
of relief 
streak. On Mars, researchers 
We typically invoked some 


12-16 MARCH 2007 


nonth field season this pas 
ner, Head and colleagues took a 
close look at Dry Valley dark stres 


sort of surface flow 
lanche of dry dust that unveils 
adarker substrate, a cascade of 
wet debris, or the flow of an 


In Antarctica, nothing 
whatsoever flows on the su 
face to form a streak. Scare 
windblown snow accumulates 
in pockets near the tops of 
slopes, melts in the warme: 
and sunniest part of the sum- 
mer, seeps down a few tens of 
centimeters into the 
at passes for 
soil, and runs downhill on top 
of a layer of ice-e 
rock. When the unseen water 
encounters less-porous, fine 


that from. 
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ained soil. it wicks upward to dampen the 
surface and darken it, 

In the next talk, Joseph Levy of Brown 
spoke for the same group about Dry Valley 
lies. A gully works much as a streak does, 
he said, but with water supplied so fast that it 
flows both through the soil and on the 
ound’s surface. On higher, steeper slopes, 


the greater flow cuts a channel, and lower 
down it deposits fans of sediment, 

The Antarctic Dry Valley examples are 
“the best analogs I've seen,” said planetary 
scientist Oded Aharonson of the California 
Institute of Technology in Pasadena, And 


s planetary scientist Robert Sullivan of 
nell University. Still, no one considers 
finds a 
h of snow and ice on the slopes above 
the martian streaks: he wonders how there 
would be enough water to even dampen the 
soil, And Aharonson asks how dark streaks 
could stay damp for decades on Mars, As 
Sullivan notes, “We don’t have things 
entirely figured out.” 


case closed, Sullivan, for on 


Warped Shorelines 
Ona Rolling Mars 


Some planetary scientists see remnants of 
ns lapped onto land 


shorelines where ace 
early in Mars’s history, but the putative 
shorelines wander over martian hill and dale, 
They diverge by a kilometer and more from 
the single sea-level elevation that an ocean 


would have traced out, But a group of geo- 
physicists reported at the meeting that they 

plausible explanation for 
int shorelines: Mars rolled on its 


have found 
warped ane 
side, twice. in response to a huge ocean 
basin emptying. 

The new view relies on the ready muta- 
bility of vast spinning objects. Tape a penny 
to the top of a ball floati and the 
ball will roll over until the penny is at the 
bottom, the weighted ball’s most stable posi- 
tion, Do the same thing toa ball spinning in 
space, and the ball—while still spinning as 
before—will roll until the penny is at the 
ball’s rotational “equator.” the most stable 
position for a spinning, weighted ball. Now 
imagine your spinning ball isa chunk of rock 
the size of Mars and the added weight is an 
‘ocean's worth of water. Because rock is not 
entirely rigid, the roll that takes the ocean 
toward the equator will also raise rock into 
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A roller? Northern low- 
lands (blues) may once 
have been equatorial 
‘and water-filled, 


an equatorial bulge. 
warping the ocean's 
shorelines in the process. 
Geophysicist Taylor Per- 
ron of Harvard University and colleag 
described how they investigated whether 
such rolling could explain two warped apy 
ent shorelines of different ages that partially 
enclose the northern lowlands of Mars. The} 
calculated how much Mars would have had 
to roll, and in which direction, to deform the 
once-level shoreline of an ancient ocean into 
the putative shorelines. Working backward in 
their model, they found that the shorelines 
become releveled when the lowlands rollin 
two steps from their present pole-centered 
position to more equatorial positions, 
Throughout both steps, Mars’s massive 
Tharsis volcano stayed near the equator 
where it is today, Ifthe releveling had moved 
the dominant Tharsis mass, the calculation 
would have been obviously erroneous. Keep- 
ing Tharsis in place by chance would have 
been a “pretty incredible” coincidence 
{about a0.01"% probability), they calculated. 
The group also calculated that the mass of 
‘water in the lowlands would have been great 
enough to drive such planetary rolling. 
The idea is 
ing." says geophysicist 
versity of Colorado, Boulder. 
true, we can probably make sense of these 
shorelines.” One possible snag, he adds, is the 
mass of ocean water. Iimay havebeen too small 
to overcome the forces besides Tharsis—such 
‘asthe thickened crust of southern Mars—that 
influence the planet’ orientation. 


f the story is 


Warm Hearts 


What would erupting volcanoes, even iey ones, 
be doing on the coldest bodies inthe solar sys- 
tem? Temperatures hover around 
Kuiperbelt objects (KBOs), which ce 
ffigid dark fringes of the solar system for eons 
‘on end, But astronomers recently have seen 


i 
| 
i 
i 
i 


signs that fresh ice has formed on KBOs in the 

: geologically recent past, Now, researchers have 

lated how a KBO, at least a larger one, 

2 might husband its primordial allotment of heat 
© antl the present day. 

‘At the meeting, theoretical astrophysicist 

§ Steven Desch and colleagues at Arizona State 


University (ASU) in Tempe explained the 
problem researchers have with some KBOs. 
Astronomers, including members of the 
ASU group, have detected the spectroscopic 
signature of crystalline water ice on KBOs 
such as 1260-kilometer-diameter Quaoar and 
1300-kilometer 2003 EL61. But both cosmic 
rays and ultraviolet light destroy ice’s erys- 
tallinity within a few hundred thousand years. 

‘Somehow, relatively warm crystalline ice 
has formed of late on the largest KBOs, but 
jing where 
the necessary heat came from. KBOs have 
bbeen cooling inside for billions of years, and 

celadus. they 
do not orbit a huge planet that can spare a 
trickle of tidal energy to heat the smaller 
body’s interior. So the ASU group con- 
structed a mathematical model to simulate 
the temperature history of a 1200-kilometer 
KBO, beginning as a cold ball of ice and 
rock. They included the heat produced by 
radioactive elements such as potassium-40 
as Well as the ability of rock and water to sep- 
arate if the heating goes far enough, a 
process called diff mn 

The trick to staying warm proved to be dif 
ferentiating. The test KBO—modeled after 
Pluto's moon Charon, which isa KBO-type 
boudy like Pluto— differentiated within 70 mil- 
lion years of formation, from the inside out. It 
differentiated just enough to include half the 
body's mass in a hot, rocky core overlain by a 
liquid ocean, A thick. cold outer crust 
remained unchanged while central tempera- 
lures rose to 1300 kelvin for 2 billion years, 
Modelers added a dollop of ammonia 
“antifreeze” inferred from spectroscopic 
detections of ammonium dihydrate on the sur- 
faces of large KBOs, Even today, a liquid 
ammonia-water ocean a few tens of kilo- 
meters thick remains in the model KBO, 
thanks to the antifreeze. Ammonia 
“magma” could stil be oazing to the su 
-al KBOs, the group calculates, as ongoing 
freezing and expansion of water initiates 
‘eracks that propagate to the surfac 

“I'm surprised it stays so hot.” commented 
planetary physicist William McKinnon of 
Washington University in St. Louis, Missouri. 
Desch had two explanations. One was the 
insulating effect of the rock in the undifferen- 
tiated outer shell, The other was the large heat 
stores in the rocky core. 

Ifthe real Charon works anything like the 
model version, there’s hope of seeing some 
—frozen “lava” flows and 

when the New Horizons 
015 


flooded plains 

spacecraft reaches Pluto-Charon in 

Then on into the Kuiper belt. 
‘RICHARD A. KERR 
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Snapshots From 
The Meeting >> 


‘Springtime on Mars, The Red Planet may be 
‘colorful to the eye, but for decades it had 
been a drab, wintertime landscape to spectro- 
scopists as they searched for new colors 
denoting new minerals and thus new geol- 
‘ogy. Now colors are bursting out all over. 
“Revelation number one is not just a handful 
‘of water-related sites but hundreds,” Scott 
‘Murchie ofthe Applied Physics Laboratory in 
Laurel, Maryland, said at the meeting. 
‘Murchie is principal investigator of the Com= 
pact Reconnaissance Imaging Spectrometer 
for Mars (CRISM) orbiting on Mars Reconnais- 
sance Orbiter. The most powerful spectrome= 
ter ever flown to Mars, CRISM is revealing the 
intimate details of highly weathered sulfates, 
clays, and iron minerals deposited in early 
‘martian environments where conditions var- 
Jed dramatically overtime. That should give 
‘mission planners no end of options when they 
‘put the next rover on Mars in 2020, 


Big sploshes. Mojave impact crater on 
‘Mars is worn beyond its years. Formed in 
the cold, dry times of later martian history, 
‘Mojave looks as if torrential rains stripped 
flanks and dumped the debris in great 
fans (Science, 9 April 2004, p. 196). But 
‘new images from the HiRISE camera aboard 
the Mars Reconnaissance Orbiter reveal 
other drenched-looking craters of about 
the same age. Planetary geologist Livio 
Tornabene of the University of Arizona, Tuc 
son, and colleagues reported heavy erosion 
and fan deposition in and around Tooting, 
Zunil, and Zumba craters in low northern 
latitudes. Did four recent icy comets dump 
their water on Mars? Statistically improba: 
ble, the researchers say. Instead, they sug 
‘gest, the impacts may have unleashed 
water stored deep beneath the surface, That 
beats a divining rod on Mars. =R.A.K. 


Beeh food naterts exode 
igi arvian crates may 
borewelies up trop helen. 
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Wildlife Population Increases in 
Serengeti National Park 


IN THEIR BREVIA “EFFECTIVE ENFORCEMENT IN A CONSERVATION 
area" (24 Nov, 2006, p, 1266), R. Hillborn er a. report that antipoaching 
ti National 


convinced that 


eflorts led to increased wildlife populations in the Sereng 
Park, Although these results are compeltin 
the documented population increases are a result of these efforts 


First, the data presented demonstrate correlation, but not causation, 


Theren lation recovery, but the authors 


yy be other reasons forthe ps 


es. Documented increases in buf 


did not consider alternative hypothe 
falo numbers may be explained asa recovery to postdrought conditions 
forts, Tis isa plausible alter 


native hypothesis, because large herbivore populations can be regu: 


rather than the results of antipoachis 


lated by food availability (/-3) and experience higher rates of preda- 
ight peniods (2, 4) 


Second, the authors show an exponential increase in the num 


of 


patrols per day afier 1993, but it fs unclear what level of patrolling is 
necessary to realize population recovery. For example, between 1985 
and 1993, the buffalo population inereased with number of patrols. 
ber of p 


this period was much lower 


than during other periods of population increase, It is important to 


identify how much patrolling is ac 
such that lim 


ally needed to minimize poaching 
ed conservation funds are used efficiently 
Finally, the authors a 


nity-based conserv 


at comm 


could not explain the declines in poaching because the populations 
were already incre 
place. Yet community-driven management programs adjoining the 


park are important for wildlife populations to thrive (5). It is possible 


ing before community-based programs were in 


been the impe: 


s for population recovery and that community-based 
conservation programs then led to a reduction in poaching, 
JULIE K. YOUNG, LEAH R. GERBER, CATERINA D'AGROSA 


Department of Ecology, Evolution and Environmental Science, School of Le Sclences, 
‘ritona State University, Box 874503, Tempe, AZ 85287—4501, USA. 
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Response 
YOUNG E7 AL. ARGUE THAT CHANGES IN THE 
intensity of poaching are only one possible 
explanation for the chan 


influence y 
the 1993 drow 


in abundance of 


elephants, buffalo, and rhino in the Serengeti 
park. They do not appear to question that 


and thentested 


in abund 


poaching rates increased dramatically after 
197, nent was reduced. We 
agree that there are other possible explana. 


tions, but within the strict word limit for 


Brevia, we had little scope for discussion of 
mortality 


these factors. In particular. we suspect that the 
reduction in world price for elephant ivory and 
rhino horn due to the CITES (Convention on 
Intemational Trade in Endangered Species of 
Fauna and Flora) bans contributed to making 
ble 
gree that changes in rainfall ean 


30% forelepl 


levels of peaching 
Th 


poaching on these species less profi 


Further, we 


abundance, as seen by 
ight’s impact on buffalo, 


‘we formulated 
about the time trend in poaching intensity from 
the history of arrests and antipoaching efforts 
at hypothesis usin 
ce ofthe three species. This is are 
sonably strong test of hypothesis, but clearly 
not totally definitive. The evidence that poach- 
pressure in the 1990s is considerably less 
than in the 1980s is very stro 
after 1977 from poacti 
abundance data alone were 58” 
nts, and 15 
populations could not have recovered if these 
had continued. 
the only significant question is what 
ed the dramatic decrease in poaching by 
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1990, There were no significant community 
development programs in place until the kate 
1990s, and community development programs 
simply cannot explain why poaching had 
declined by 1990. Young er al, angue that the 
in buffalo after the drought could be 


thetrends —increasé 


due to density-dependent factors, ignoring the 
fixct that poachin 
Jenver than the 8% maximum rate of increase 


observed in the 1960s and 1970s, Density 


rates must have been much 


The annual dependence does not explain why poaching 
Although a multitude 
of factors, including antipoaching efforts, 
\d rhino born, 
nity development projects, and local villagers" 
id demands for cash, all un- 


rates declined so much, 


for rhinos, 


forbuffalo. These price ofivorya fall, commu 


doubtedly contribute to poaching and chan, 
in population abundance, the data we present 


provide undeniable evidence that the poachin 
‘mortality rates both increased and decreased, 
andthe timin 
is best explained by the chi 


of these increases and decreases 


.es in antipoach 


effons, 
RAY HILBORN,* GRANT HOPCRAFT.?? 
PETER ARCESE* 
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University of Groningen, Post Office Box 14, 9750AK, 
Haven, Netherlands, ‘Center for Applied Conservation 
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HIV-Malaria Interactions: 
Don't Forget the Drugs 


THE ADVERSE EFFECT OF CO-INFECTION WITH 
HIV 
apparent. The importance of these interactions 
is illustrated by the mathematical modeling of 
L. J. Abu-Rabbad et a, (“Dual infection with 
HIV and malaria fuels the spread of both dis. 
eases in sub-Saharan Africa,” 8 Dec, 2006, p. 


1603), which predicts significant increases in 
the prevalence of bath diseases due toan inter 
action between them, Theoretical models 
suggested that the effect of antimalarial 


chemotherapy on co-infected individuals 
would be a decline in both HIV and malaria 
prevalence, These findings assume that the 
apy on HIV 
ised HIV 
Altho 
this is an important consideration, a number of 


effect of antimalarial chemothe 
ation of 


infection is a shorter du 


Viral load after malaria infection. 


onstrated direct effects of 
on HIV replication (/) and 


studies have de 
antimalari 


inhibition of Plasmodiunfalciparum develop- 
ment by HIV protease inhibitors (PIs) (2-4) 
Some HIV Pls act synergistically in vitro in 
combination with 


ntimalarials (5). These 
direct drug effects have the potential to alter 
the complex interaction between ma 


HIV in co-infected individuals. Althou: 
Pls are not currently recommended for first- 
line antiretroviral (ARV) therapy. they are 
ater role in ARV therapy 


ons as thermostable 


likely to.assume a 


in malaria-endemic re 


formulations of Pls are made available at 
id as the need to 


nificantly reduced cost (6), 


ARV-ind 
creases (7), We endorse the view of Abu- 


combat ed dr 


Raddad er al, that further studies are required 


toexplore these interactions, particularly with 


respect to the effect of interventions with 

potential efficacy against both pathogens. 
KATHERINE T. ANDREWS, MICHELLE L. GATTON, 
TINA S. SKINNER-ADAMS, JAMES S. MCCARTHY, 
DONALD L. GARDINER. 


of Medical Research, Queensland 


Queensland institu 
4029, Australia, 
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Response 
ANDREWS ETAL. INDICATE THOUGHTFUL AND 
tins tangeting HIV and malaria and thc imer- 


actions, Indeed, we only considered one effect 
of chemotherapy: that of reducing the malaria 
infectious period and the duration of height 
ened HIV viral load. We concur with Andrews 


et al. that detailed modeling studies of the 


impact of single and synergi 


ic interventions 


warrant further consider 


ion, such as highly 
active antiretroviral therapy (HAART) (/. 2), 
HIV pr 


ase inhibitors (3), malaria prophy 


antimalarials (4), and insecticide- 
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impregnated bednets (2), in addition to behav 
ioral interventions. This issue assumes particu 
Jar importance with the expansion of HAART 
in sub-Saharan Africa as combinations of 
therapy may become logistically feasible. 
Moreover, there is evidence for dual beneficial 
effects ofa number of antivirals and antimatlar- 
ials (2-5). Finally, data on the biological 
effects of therapy combinations at the individ- 


ual level would be of great utility to explore the 
epidemiological and population level conse- 

quences of intervention efforts 
LAITH J, ABU-RADDAD,”? PADMAJA PATNAIK,? 
JAMES G, KUBLIN 


statistical Center for HIVIAIDS Research and Prevention, 
Fred Hutchinson Cancer Research Center, Seattle, WA 
98109, USA. *Center for Studies in Demography and 
Ecology, University of Washington, Seattle, WA 98195, USA. 
Department of Epidemiology, School of Public Health, 
University of North Carotna at Chape Mil, NC 27599, USA. 
“intemational Health Program, University of Washington, 
Seattle, WA9B109, USA. 


Reterences 

1. JS. Montne ea, Lancet 368, $31 (2006) 

2. |-Mermin eta, Lancet 367, 1256 (2006) 

3. KT Andrews eta, Amini, Agents Chemother $0, 
639 (2006. 

4. A.Savarng, 1. R. Boelaet A Cason, Major 
Cauda, Lancet Infect. Dis. 3,722 (2003) 

5. $: Parikh et ol, astimicro. Agents Chemother, 49, 2983 
(2009), 


Coal-Fired Power Plants: 
imprudent Investments? 


GRANGER MORGAN'S EDITORIAL "DON'T 
grandfather coal plants (17 Nov, 2006, p, 
1049) wisely su 


and fatheri 
ulations) ¢ 
emissions from coal-fired power plants. This 
yod policy, but iti 
sensible in light of a widespread and long 


sts not 
from 


(Le., not exemptin 


isnot justa matter o 


ling principle of utility law 
In most of the United States, 
utilities commissions decide whether costs 


incurred by utilities can be passed along to 


ratepayers or whether they will be borne by 


investors. For decades, commissions have 


based their decisions on the prud id use- 


fulness of decisions to build or run powe 


plants and negotiate power contracts, A pru= 
dence review occurs after the fact, but seeks to 
take into 
the time of the action taken, It “determines 
whether a utility's man: 


account the information available at 


t decisions, 


were reasonable in light of all the circum- 
stances that existed at the time the actions in 
question were taken" and then decides whether 
costs should be allowed in rates (/). Ina highly 
relevant example, many utility eo 
ordered major disallowances of nuclear-plant 


nmissions 


investments, years after allowing the initial 
construction, and the United States Supreme 
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Court rejected investors” efforts to overturn 
those regulatory decisions (2). 

utilities calculate the life-cycle risks 
involved in constructing a new coal-fired 
power plant, the likelihood of federal carbon 
dioxide regulation is already clearly foresee- 
able, Thus, as the Coalition for Enviro- 
mentally Responsible Economies points out, 
wise investors are already demanding that 
corporations calculate and inform potential 
investors about the costs of carbon regulations 
(3). Morgan's Editorial is only one of many 
indicia that those future liabilities are currently 
“foreseeable.” Imagine utility investors ignor- 
ing this possibility, investing in coal technol- 
ogy that does not allow carbon control, and 
later requesting a rate inerease when forced to 
retrofit or retie the plant. Public utility com- 
missions could well find such decisions 
imprudent, That would result in the utility’ 
investors footing the bill for expensive retrofits 
‘or even more expensive stranded costs (costs 
that investors cannot recover ei 
kets or from ratepayers). 
wislators may or maty not explicitly for- 
bid grandfathering, but, regardless of 1 
investors should recognize that utilities that 


er from mar 


rush to add coal-fired capacity may face not 
only future compliance costs, but also a reality 
in which such imprudent costs are paid by 
investors, and not by ratepayers 
MICHAEL WORKIN, SHANNA VALE, 
ELLEN CRIVELLA 
The istiute for Enetgy and the Environment at Vermont 
law Schoo South Royalton, VT 05068, USA. 
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Response 
IN MY EDITORIAL, | SUGGESTED THAT ONE 
approach o emission constraints would be to 
mandate controls only on plans constructed 
after carbon regulations go into effect “while 
exempting existing plants for some extended 
period on the grounds that fimis would other- 


noted that “[s}ome investors may be counting 
conthis or on the hope that such costs could be 
passed on to electricity rate payers.” In con- 
observed that while “fa] state-by 
state approach is not optimal,” it could be 
ken in such a way as to “place fsture 
liability on investors, not rate-payers, and 
thus send a clear message to those planning 
new plants. 

In their Letter, Dworkin (who isthe former 
Chairman of the Vermont Public Service 
Board and one of the United States" leading 
thinkers on utility re 


jon) and co-authors 


persuasively elaborate this argument, The 


message is clear. Unless investors are confi- 
dent that they will face sympathetic politically 
appoi fi 

‘come, they run a 
wh 


siderable financial risk 
they choose today to build a conven- 
tional coal plant in the face of what is now 
evidence of the to limit 
arbon dioxide, and with, 
technical options, now available, that could 


control emissions, 
MM, GRANGER MORGAN 


Department of Engineering and Public Policy, Carnegie 
Mellon University, Ptsburgh, PA 15213-3890, USA 
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SOCIAL SCIENCE 


What Flowed from “Surveys Say...” 


Tom W. Smith 


hLgo's The Averaged American oper- 
S ates on two levels Theft a desc 


ely historical, account of three 


‘major social-science developments in the mid- 
20th century: the Middletown 
studies of Robert and Helen 
Lynd (1, 2), the rise of public 
opinion polls in the 1930s and 
1940s (represented by the oper- 
ations of George Gallup and 
Elmo Roper), and the studies of 
male and female sexual behav- 
ior by Alfred Kinsey (3, 4), The 
second advances the conjoint 


hypotheses that during the 20th 
century America transformed 
intoa mass society obsessed with the statistical 
ed” and that these interrelated, sur- 


vey-based developments notably contributed 
to that process. 

Although Igo (a historian at the University 
of Pennsylvania) clearly stresses the impor- 
tance of the development of polls and surveys 
in get ly limited 
to the examples of Gallup, Roper, and 
Middletown, and the Kinsey reports. The 
much larger field of market research is men- 


I, her discussion is fa 


tioned only in passing: academic survey 
research—as illustrated by Paul Lazarsfeld's 
Bureau of Applied Social Research (Columbia 
University), the National Opinion Resi 
Center (the University of Denver and then the 
University of Chicago), and the Institute for 
Social Re sity of Michigan) 

gets a few, minor, mentions, and government 


eh (Univ 


surveys, such as the establishment of the 
Current Population Survey, are ignored. This 
approach creates a biased understandi 
and how it 


the developme 
shaped American society 


of survey re 
Moreover. Igo’s description of survey 
research contains a number of weakly sup- 
ported or exaggerated contentions. For exam- 
ple, she asserts that “Pollsters” sponsors 


delimited not just the form but the content of 


public opinion.” She provides no substantial 
evidence to back up this claim, and 
‘many sponsors that surveys had and the com 


iven the 


prel 
tention is dubious, Abo. [go notes that “On the 
political front, the U.S. Congress and state 


ive topics that they covered, this con- 


The reviewer is atthe National Opinion Research Center, 
University of Chicago, Chicago, IL 60637, USA. E-maik 
smitht@norcauhicago.ed 


The Averaged American 


govemments made numerous attempts to rein 
in the new technology [of public opin 
polls].” She offers a few good examples of 
such attempts, but these were mostly symbolic 
exercises, and none came close 
the new field. 
Likewise, the author misses an 


to regulati 


‘opportunity to seriously exam- 
ine the reasons for what she 
correctly notes as the “quick 
recovery” of polling from its 

isprediction of the 1948 pre 


idential election. The cause is 
ot really explored, with only a 
nod to “the polls’ distinet blend 


of scientific and d 
rhetoric” and a claim that “polling techniques 
were firmly embedded in American society 
by 1948. 

Desp) 
archival research and 
many valuable cita- 


tions of original sources, 
Igounfortunately ma 


a large number of fa 
tual errors, For exam- 
ple: (i) It is not true 


that “the response rate 


to telephone surveys 
has steadily declined 
since 1952" Telephone 
surveys did not be- 
ome common until 
the 1970s, and while 
telephone response rates 
have decreased over 
the last decade or two, 
no one has solid fi 
ures on the rate of 


) SLOP are not “selected listener 
opinion polls.” but 
opinion polls” (a term coined by Normai 
Bradburn). (iii) The federal government did not 
play a role in the 1941 establishment of the 
National Opinion Research Center. 
Regarding the role of surveys in soc 
al and her 


decline, 


‘self-selected listener 


Igo argues 
three examples in particular were aimed at 
sd American.” the “typi- 
cal” the and the “ordinary.” 
But that misrepresents what surveys are 
designed to do and how they have been used. 
They were designed to describe America 
society by examining the distribution of ati- 
tudes and behaviors across its population. A 


averaged-out. 
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mean and a mode come out of such measure- 
ments, but those averages are not the sole or 


en main purpose of surveys. Rather, they 


just part of the statistical picture that 
surveys project. Counter to what Igo asserts, 
surveys are not primarily about “polling the 
average populace, 
for massification or promoting “a fixation on 
the normal.” The distribution of responses of a 


nor are they mostly tools 


son of distribu 
s. the trackin, 
of trends, and (most important) the cross- 
tabulation of attitudes and behaviors by 


particular item, th 


sociodemographies and other variables reveal 
the complexity and diversity of American soci- 


ety much more than its unity and sameness, 

Also. weak 
“national polls and surveys ... were as much 
responsible for creating a mass public as they 
\were reacting to its arrival” and that “modern, 
survey methods helped to forge a mass 
public.” Although these are interesting eon- 
tentions, she offers no real proof, Her account 
shows that Middletown, the Gallup and Roper 
polls, the Kinsey reports, and surveys in 


are Igo’s arguments. that 


‘Middletown citizens. The lynds’ social survey presented Muncie, Indiana, as 
a “typical” American city of the 1920s. 


eral attracted a lot of attention, both positive 
and negative. But her evidence is almost 
entirely anecdotal; much consists of letters 
from “average citizens” either praising or 
attacking the method or specific findings. 
Qu 
detailed investig 
used in making governmental, corporate, and 


titative content analysis of the media: 


tions of what evidence is, 


other societal decisions; or even survey-based 
studies ofthe impact of surveys are needed to 
test her hypothesis, 

Lastly 
cusses in The Averaged American too much 
credit forthe quantification of Ameri 
ety. The inerease in statistical information dur- 


gives surveys like those she dis- 


ing the 20th century also flowed from many 
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other sources, including national economic 
accounts, aggregate voting counts, govern- 
ment administrative records, and the ex- 
panded Us 


Census. 
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PSYCHOLOGY 


How Far Can We Go 
with Reason? 


Robert J. Sternberg 


nominally about how we reason. Its not- 
sochidden agenda is actually quite a bit 
broader: namely, to argue that reasoning can 
help people lead suecessful lives and that to 
the extent that people fail, it 
is in part bi ‘motions 
‘bowin t color their reasoning, 
Beyond establishing the im- 
.¢ of reasoning. Philip 
rd contends that 
reasoning can be understood 
intermsofhis theory of men- 
tal models—according to 
which people, in the reasoning process, 
manipulate abstract mental representations 
that allow them to reach conclusions. 
Jobnson-Laird burst upon the cognitive- 
psychology scene with the publication of 
Paychology of Reasoning (1). That book was 
fairly narrowly focused, primarily on dedue- 
tive reasoning. A later book (2) sought to char- 
acterize reasoning as well as other cognitive 
processes in terms of mental models, The cur- 
‘ent magnum opus goes quite a bit beyond its 
predecessors in dealing with problems of 
induction, creativity. and insight. In past work, 
Johnson-Laird has devoted quite a bit of effort 
tobaitling the theories of his competitors, such 
as Lance Rips (3). In this book, Johnson- 
Laird’s goal is not so much to fight the oppo- 
sition but to argue that human reason can 


J= itsname implies, [low He Reason is 


by Philip W. 
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solve many problems fi 
the world, 

Historically. the study of 
reasoning has not been at the 
center of psychology in get 
eral or of cognitive psycholo, 
in particular. There are far 
more cognitive psychologists 
studying perception and mem- 
ory. Johnson-Laird has strived 
throughout his career—at 
the University of Sussex, the 
Medical Research Counc 
Applied Psychology Unit in 
(Cambridge, and now Princeton 
University—to raise the pro- 
file of the study of reasoning. He has been at 
least somewhat successful. He, his students, 
and his collaborators have received inter- 
national recognition for their work. 

Four big questions arise from the book. 
First, to what extent does Johnson-Laird suc~ 
ceed in deseribing how we reason’? Second, 10 
What extent do the reasoning structures (men- 
tal models) Johnson-Laird posits characterize 
scientific reasoning. a major focus of the 
book? Third. to what extent does reasoning 
account for the kinds of thinking artists, writ- 
ers, composers, and others in the humanities 
and arts use in their work? Finally, how muich 
help is reasoning of the kind 
described by Johnson-Laird to us 
all in our everyday lives? 

With regard to how we reason, 
Laird’s account may not 
be entirely correct, and it is ce 
tainly not complete, To give two 
examples: Expert reasoning prob- 
ably relies more on pattern recog- 
nition than would follow from mental models. 
And the fundamental problem of induction 
‘why we make certain inductions but not oth- 
is scarcely addressed. But no other 
current theory of reasoning is complete either. 

Not that many years ago, students we 
being taught, for example, that syllogisms 
‘were solved by heuristics, such as atmospher 
(if there isa negation ina premise, the solution 
involves a negation: if there isa particular, the 
solution involves a particular) or conversion 
(people read “IFA. then B” as equivalent to“If 
B. then A”), Considering how woefully inade- 
quate these past accounts were, Johnso 
Laird has brought us very far along in under- 
standing how we reason. 

Johnson-Laind gives fascinating accounts 
of some major examples of sciemtfic reason- 
ing. such as the Wright brothers’ designing of 
the first successful airplane, how the codes 
underlying the Nazi Enigma machine we 
broken, and how John Snow discovered the 


1997). 


Johnsor 


ers 
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Thinker on a Rock (Barry Flanagan, 


link between fecal contam- 
ination of drinking water 
and outbreaks of cholera, 
unt of deductive 


of inductive and creative 


processes, Although his 
broad characterizations are 
useful, he does not really 
solve or even address, for 
example, the crucial prob- 
Jem of creativity: How do 
wwe generate novel ideas in 
the first place? His theory 
is better at characterizing 
how we assess whether our ideas are 
od ideas. 

The author believes his theory of mental 
models would characterize thinking in the 
hhumanities and arts as well. That is. leap of 
faith on his part and would be a bigger leap 
‘on the part of a reader. There is no evi- 
dence-—at least in the book (at its end, 
Johnson-Laird acknowledges that his ease 
include nothing these 
ficlds)—that this is the case. 

Lastly, How Me Reason is at its weakest in 
showing how Johnson-Laind’s model of rea- 
soning—or, really, any model—applies to 
everyday life, If you want to know how to 
solve the problems of what to do about the 
intervention in Iraq, runaway government 
spending. or a failing marriage, you probably 
will find litte in this book to help, Johnson- 
Laind believes that many of the work!’ ills are 
caused by emotional contamination of reason- 
ing, an idea that goes back to some of the ear 
liest theorists (4). He tends to view emotion as 
the cause of failings in reasoning, Yet, one 
might instead argue that emotion is what 
makes the world run round, If we want to 
understand how to rectify our own, and the 
world’s, problems, we had better understand 
reasoning in its own right, rather 
than simply label it as an aberration. Two- 
process theories of reasoning (5), which posit 
an experiential, a-rational system, as well as 
the more rational one of which Johnson-Laird 
writes, seem a lange step toward that goal 


histories from 


emotion 
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TEACHING 


Opportunities to Learn in America’s 
Elementary Classrooms 


Robert C. 


ianta,'* Jay Belsky,? Renate Houts? Fred Morrison,‘ The National Institute of Child 


Health and Human Development (NICHD) Early Child Care Research Network® 


merica’s students are tested regularly 
ind the results serve as justification 
or closing schools, firing principals, 


awarding merits, and focusing professional 
development and curriculum reform, How 
ever, little attention is paid to measur 
‘opportunities to learn that teachers create in 
classrooms—the quantity and quality of 
classroom instruction and relationships be- 
tween teachers and students. Nearly all state 
certification standards for “highly qualified 
teachers” focus on degree status (I. 2) 
However, despite evidence that teachers 
instructional practices and relationships with 
students account for a substantial portion of 
the “added value” derived from attending 
sehool (3-5), observations of 
experiences for lange samples of stu 


the 


\ssroom, 
ents ann 


teachers are limited. 


The Study 
Here, we describe results from a study of ele- 
mentary school classroom experiences for 


more than 1000 American children recruited 
at birth from 10 US, sites and enrolled in 
more than 2500 classrooms in more than 
1000 elementary schools and 400 school dis- 
tricts, Our investigation approx! 
demiological study of opportunities to learn 
in US. classrooms, although the sample was. 


not nationally representative, OF teachers 
observed, 90% were credentialed by 
state; all had a bachelor's degree 
a master's degree. These teachers meet many 
states’ standards for highly qualified elemen- 
tary schoo! teachers (1) 


Observation of classrooms complements 
student test performance as a measure of 
quality in the educational system and can 
document opportunities to learn that are 
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reflected in students” performances on tests. 
We observed first, third, and fifth grades. 
First, we coded the presence of 44 behav- 
ioral events for 80 on 


nute intervals. 
In a given school day. intervals were 
clustered into eight 10. 
n which 30-second periods of 
alternated with 30-second 
periods of recording. 
Next, we rated nine 
dimensions of the 
quality of the emo- 
tional and instruc 
tional climate on the 


basis of 20 minutes 
of obser 


ion, again 


across cight cycles 
during the day. We 
used these codes 


and ratings to assess 
‘opportunities to 


(6.7). 


Experiences in the 
Classroom 

The results for fifth 
grade (see chart) are 
similar to those for firs 
and third grades (8, 9). 
In fifth grade, children 
spent most of their 
time (91 
inwhol 
vidual-seatwork settings. Students spent little 
time (7%) in small 
five students). In fifth grade, 37% of instruc- 
ind 25% was in math: in 
, more than SO% of instruc 
icy and less than 10% was in 
math. Science and social studies activities 
occurred in 11 and 13% of intervals in fifth 
grade, respectively, The average fifth grader 
received five times as muich instruction in basic 
on focused on problem solv 
thisratio was 10:1 in first andl 


of their time instructing students on managin 
materials or time. 

Classroom emotional and instructional 
climate was rated with the use of a seven- 
point scale, in which higher ratings were 
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ATIO 


Analysis of elementary school classrooms in the 
United States returns a discouraging report on 
the quality of students' experiences. 


more positive (8, 9). In correlational studies, 
higher ratings predicted gains on 

F reading and math in 
ng in first grade 
and math in fifth grade (9). Emotional 
climate of classrooms was moderately posi- 
the mean rat I classrooms for 


relative! 


over 


her sensitiv 
climate’ 


nd “positive classroom 


Pe a 
Number of Intervals 


Learning in fifth-grade classrooms. Number of time intervals in which the 
specified activities were observed. Black whiskers, range; red boxes, 25th to 
75th percentiles; ray bars within boxes, overlapping median and mean, 


rooms we observed were often working on 
assignments, with “productive use of time” 
rated 4.9. However, quality of instructional 
climate received a low rating. “Richness of 
instructional methods,” reflecting conceptu- 
ally focused instruction, averaged 3.6, and 
“evaluative feedback" on student perform- 
ance averaged 3.44. Typically, over the 
course of a 20-minute period, instruction 
involved only one method or mode (e.2., 
vocabulary worksheet or watching the 
teacher do math problems), and teachers 
zave generic feedback on correctness rather 
than encouraging extension of student per 
formance or discussing alternative solutions 
Ratings of instructional and emotional qual- 
ity in fifth grade were similar to those for 


first and third grades. 
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Predicting Classroom Climate 
Composites reflecting ourratings of the qual- 
ity of the emotional and instructional climate 
‘were examined with various teacher, student, 
child, and family factors (table $5). Teacher 
credentialing was not investigated because 
nearly all teachers met state requirements. 
Largerclass size was associated with less 
positive emotional climate. (Class. size 
ranged from 10 to 42 students.) Quality 
of instructional climate was higher when 
teachers had fewer years of teaching expeni- 
ence, earned higher salaries, and reported 
more influence on school policy and eff- 
cacy, The magnitude of these significant 
associations was very small, and causal 
direction is unknown. The total variance 
attributed © emotional and instructional cli- 
mate accounted for less than 10% of the dif- 
ferences in observed quality of the class~ 
room environments, Children with more 
highly educated mothers and with higher 
family income were more likely to be en- 
rolled in classrooms with higher observed 
emotional and instructional climates. These 
associations with family characteristics 
Were statistically significant but small, 


Consistency of a Child's Experience 
A chit’ classroom experience Was not par- 
ticularly consistent from first to third to fifth 
rade, Results were nota function of (some) 
children switching schools, Quality ofemo- 
tional environment was modestly stable 
from first grade to third grade (r= 0.17. 
P< 0,05) and from third grade to fifth grade 
(r = 0.25, P< 0.08), but corresponding 
across-grade analysis for quality of instruc- 
tional climate did not show statistically sup- 
ported correlations. We divided climate 
composites into terciles at each grade 
Children were classified as “consistently” in 
high-quality classrooms if they were en= 
rolled in a high-tereile class in two or more 
grades and were never enrolled in a cla 
room in the lowest tercile, Students in “con- 
sistently” low-quality classrooms were en- 
rolled in accordingly low-tervile classes and 
never in the highest tereile. Only 17% of 
children experienced classrooms with con- 
sistently high emotional climate, and 19% 
experienced classrooms with consistently 
low emotional climate, Comparable figures 
for instructional climate were 14 and 20%, 
respectively. Across all three grades, 7% of 
children experienced classrooms high on 
both instructional and emotional climate. 
We predicted each child’s enrollment in 
‘our consistency classifications using the 
child's scores on standardized tests of read- 
ing and math at age $4 months, prior to 


ratio (using federal guidelines for poor, near 
poor, and not poor) as predictors, Children 
from nonpoor families and who scored high 
on achievement at 54 months were most 
likely to experience classrooms high in 
positive emotional or instructional climate 
throughout elementary school. Poor chil- 
dren were highly unlikely (only 10%) to 
experience classrooms with high instruc- 
tional climate across multiple grades. 


Discussion 
In this multistate observational and longitu- 
dinal study of children in U.S. primar 
school classrooms, opportunities to learn for 
this sample of mostly middle-class students 
proved highly variable and did not appear 
congruent with the high performance 
standards expected for students or for teach- 
ers as described by most state teacher certi~ 
fication and licensure documents, Rather, 
experiences in fifth grade, although highly 
variable, were geared toward performance 
of basic reading and math skills, not prob- 
Jem-sol ving or reasoning skills or other con- 
tent areas. Few opportunities were provided 
to learn in small groups, to improve analyti~ 
cal skills, or to interact extensively with 
teachers. This pattern of instruction appears 
inconsistent with aims to add depth to stu- 
dents’ understanding. particularly in mathe- 
matics and science. Classroom dynamics 
‘were not related to teachers’ degree status or 
experience. Teachers met credentialing 
standards, but their classrooms, even if 
emotionally positive, were mediocre in 
terms of quality of instructional support. 
Children who needed support were unlikely 
to receive it consistently. These results are 
consistent with arguments that a focus on 
standards-based reform and teacher creden- 
tialing may lead to instruction that ts overly 
broad and thin. 

It is troubling that opportunities to learn 
in classrooms are unrelated to features 
intended 10 regulate such opportuniti 
and that students most in need of high- 
quality instruction are unlikely to experi- 
ence it consistently. [f metrics and regula- 
tions for high-quality teaching continue to 
rely on teachers” credentials or school attrib- 
utes, actual opportunities to learn may not 
be driven to improve (2). These results con- 
firm the need for rigorous designs that test 
effects on observed instruction of specific 
knowledge- or skill-focused teacher training 
interventions. 

This study relied on direct observations 
of classrooms and used instruments that 
correlate with students” gains in achiew 


ment (//). Emotional and instructional 
support contribute to the elimination of the 
achievement gap in first grade (3), predict 
growth in children’s functioning (/0), 
and predict reading and math achievement 
growth and social functioning through 
fifth grade in our sample (/2). A study in 
England reported a similar pattern of 
effects for elementary students (5). Others 
concur that these features of teacher-child 
interaction are indicative of good teaching 
(3, 14). Collectively. these investigations 
demonstrate that classroom experience can 
be observed reliably in large numbers of 
classrooms and that such observat 
turea portion of the “value-added” effect of 
enrollment in a given classroom (4, 15). 
Experimental interventions that include 
such observations may yield results useful 
for improving classroom teaching and the 
preparation of teachers (5) by revealing the 
mechanisms by which classrooms influ- 
ence children’s development, Science and 
policy aimed at producing and maintaining 
e 


jective teaching are needs as pressing as 
are curriculum reform and assessment of 


student performance. 
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BEHAVIOR 


The Ultimate Ecosystem Engineers 


Bruce D. Smith 


volution helps those who help 
66 B items isthe base hen 

behind the concept of niche 
construction or ecosystem engineering (J) 
Many animal species attempt to enhance 


their and humans have bee 


tryin 
themselves—for tens of thousands of years, 
often w 


have lon 


h unforeseen consequences. We 


been the ultimate niche construc- 


tors in terms of our rich repertoire of 


ecosystem skills and the magnitude of their 


impact, Today, as our efforts at ecosyst 
engineering are beginning to attempt to 
reduce and reverse human modification 
of environments, interest is also 


across diverse fields (includi 


ye 
nance of Earth’s ecosystems. The general 


concept of niche construction provides an 


important new window of understandin; 
about how our distant ancestors, through 
their initial domestication of plants and ant- 
mals, first gained the ability to significantly 
alter the world’s environments, 


Currently, research on domestication is 
carried out on two largely disconnected 
at the level of individual plant and 
animal species to document the “what. 
of domestication world- 


when, and where’ 


Wide (2), and ata regional or larger seale, to 
identify causal “macro” variables (such as 
climate change and population growth) that 
may account for “why” human societies 
first domesticated target species (3), The 
theory of niche construction provides a link 
between research at these two different 
scales of analysis by offering insights into 


the intervening “how” of domestication 
the general human 
within which macrd 
forged new human-pl 


behavioral context 


volutionary factors 
animal rel 


jation- 


ships of domestication 
Niche construction or ecosystem engi- 
tivities have been doc 


neering mented in 


a broad range of different animal species. 
Beavers, for example, through their tre 
cutting. dam building, and pond-creating 
efforts, generate new landscapes for th 


‘he author isin the Archaeobialogy Program, National 
‘Museum of Natural History, Smithsonian Institution, 
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How did human societies initially domesticate 
plants and animals, and what were the keys 
to success? 


Early strategists. Human niche construction, including controlled burning, may date back to as early as 


535,000 yr B.P. Shown is an Australian aborigine. 


selves and many other species, Such efforts 


at environmental modification are pro- 
important if underappreci- 


biotic communities and 


posed to play a 
ated role in shapin, 


evolutionary processes (/), 
Studies of human niche construction 


have usually concentrated on € 


ther a par- 
ticular form of environmental modifica- 
tion, such as controlled burning of v 


ta 
tion, oF on human intervention in the life 


cycle of a particular ta 


species. Only 
recently have regional-scale studies offered 
a fuller appreciation of the extent to which 
traditional resource-management strategies 
involve the coherent and integr: 
ulation of a broad range of plants and ani- 
mals and their habitats (4), 


ced manip- 


Documenting the overall niche con 
ies of past human societies, 
remains a difficult challeng 
ical evidence for the manage- 


struction strat 
however, 
Archax 


ment of wild plants (sowin 


weeding, irrigation, transplanting 
mulching) provides widely scattered clues 
to the developmental history of integ 
systems of human environmental man: 


ment. Controlled burning of vegetation to 


rated 
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maintain a preferred ecosystem state, for 
example, is documented throughout the 
Holocene (the last ~10,000 years) 
humerous temperate and tropieal environ- 
ments, and may have been present as early 
000 years ago in southern Africa (5) 
Yet in many world regions, the appeai 


ance of domesticated plants and animals 
the archacole 
strongest evide 


ical record provides the 
¢ for integrated strategies 


of ecosystem engineerin; 
A number of different aspects of our 
ws of the initial, world- 
wide domestication of plants and animals 


points to domestication takin 


current understandi 


wee within 
a broader behavioral context of niche © 
struction strategies. The development of 
such human-target species relationships 
\was not a unique event, limited to a particu- 


ir time or place. Eight to 10 environmen- 
tally and culturally diverse world regions 
have been identified as likely independent 
centers of domestication and agricultural 
origin (2), Each exhibits distinct sequence 
of domestication of different species over 


millennia. Human societies thus domesti- 
cated a diverse array of species at different 
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times and in developmental isolation across 
a broad range of ecosystems. 

In addition, recent research indicates that 
the initial domestication of plants and ani~ 
mals in these independent centers encom- 
passes a remarkable diversity of species- 
specific relationships reflecting a wide 
range of different forms of human interven- 
tion. In Asia, for example, the domestication 
of two utilitarian species— the dog (for hunt- 
ing) and the bottle gourd (for containers) — 
by ~12,000 years before the present (yr 
B.P), did not so much involve deliberate 
‘human intervention as it did allow dogs and 
bottle gourds t colonize the human niche. 
In contrast, the initial cultivation of tree 
crops (stich as fig by 11.400 yr BP. in the 
Near East and banana by ~10,000 yr B.P.in 
‘Southeast Asia) involved the intentional cut- 
ting and transplanting of branches, indicat- 
ing a recognition of the long-term benefits 
to be gained by a commitment to sustained 
‘management. 

The initial domestication of goats in the 
Near East by 10,000 yr B.P,, and the sub- 
sequent domestication of other livestock 
species, also called for considerable sus- 
‘ined human intervention, but of a very 
different kind. Human preemption of herd 
dominance hierarchies, resulting in human 


control of animal reproduction, allowed the 
selective culling of immature males, pro- 
@ an age and sex prot 
majority of adult females and a few adult 
males) that is the hallmark of managed 
domesticated herds, In contrast, the init 
domestication of seed-bearing plants (such 
as wheat, rice, maize, millet, and sun- 
flower), including two species of squash 
that were domesticated in South America 
and Mexico by 10,000 yr B.P. (2), involved 
yet another form of human intervention in 
the life cycle of target species—the sus- 
tained planting of stored seed stock in pr 
pared planting areas. Plants with starch- 
rich underground organs (including man- 
ioc, arrowroot, and leren}, on the other 
hand, were brought under domestication in 
South America by ~9000 10 8000 yr B.P. by 
replanting fragments of parent plants, 
paired with sustained selection for desired 
attributes (larger tubers and preferred 
starch types, for example) (2), 

Evidence is also growing for early 
attempts at domestication that eventually 
proved unsuccessful. In both the Near East 
and the Americas, initial efforts at plant 
management and manipulation were often 
abandoned, for as yet unknown reasons, and 
the crops in question were not successfully 


domesticated until several thousand y 
later (6). 

Whatever the exact mixture of macro- 
evolutionary forces that were in play, 
humans identified potential domesticates 
within the broader context of niche con- 
struction strategies through endless audi- 
tioning and experimentation with a long list 
of possibilities. Domesticates would not 
have been different, necessarily, from the 
many other managed species in cither 
requiring a greater investment of labor, or 
constituting a greater intellectual chal- 
Jenge. What set humans apart was their ree: 
ognized potential for open-ended expan- 
sion and ever-increasing returns, 
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ASTRONOMY 


A Closer Look at 


a Gamma-Ray Burst 


Stefano Covino 


amma-ray bursts are among the 
Although short-lived, these explo- 
sions are the most luminous objects in the 
universe. However, the detailed mechanisms 
driving these burstsare still partly unknown, 
On page 1822 of this issue, the observations 
reported by Mundell er al, (1) will allow us 
to better understand the physical processes 
that power these celestial sourees. By mea- 
suring the polarization of the electro- 
‘magnetic radiation emitted immediately after 
aa burst, Mundell era can help us unravel the 
role of magnetic fields in controlling the out- 
flows produced by these explosions. 
These burst events were first detected in 


‘The author is at Osservatorio Astronomico 
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the 1960s as intense and brief pulses of high- 
energy photons. They are now observed at 
photon energies across the whole electro- 
‘magnetic speetrum and have been located at 
cosmological distances (that is, more than 10 
billion light-years from Earth). They are also 
possible sources of gravitational waves, 
ultrahigh-energy cosmic rays, and neutrinos. 
The most successful description of these 
events involves a very energetic outflow 
from an inner engine, cither a massive star 
undergoing core-collapse or the merger 
of two compact objects (see the figure). 
Inhomogeneities in the outflow generate 
prompt high-energy emission of gamma 
rays, whereas the later interaction of the out- 
flow with the matter surrounding the progen- 
itor object generates a fainter and softer 
long-lasting emission, called the afterglow. 
One of the hottest open topics is to under- 


‘A study of gamma rays produced when stars, 
collapse or collide reveals details of the 
‘explosion mechanism, particularly the role 
‘of magnetic fields, 


stand what drives the outflow, its composi- 
tion, and its dynamics. This is where the 
observations performed by Mundell er al. 
make an important contribution. 
Gamma-ray burst outflows are extreme 
events. Initially they are ultrarelativistc. that 
is the flow must have a velocity greater than 
99.99% of the speed of light, This allows 
high-energy photons to escape from the very 
compact region where they are generated. 
The hypothesis accepted by most researchers 
assumes that the outflow is initially hot, with 
the expansion driven by its internal energy 
(2-4). This is known as the matter-dominated 
scenario, and serves as the reference model 
for outflows. The most popular alternative 
scenario requires that the outflow is driven 
by electromagnetic energy, which is called 
the Poynting flux-dlominated scenario (5-7). 
(The Poynting flux is the flux of energy ear- 
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ried by an electromagnetic field.) These rw Telescope used by Mundell er anks to 
families of models differ in many aspects. LONG GAMMA-RAY BURST he rapid localization of gamma-ray bursts 
although from the observational standpoin detected by the Swift satellite (/5), Mundell 


al, could 
GRB 060418 


rst, Their remarkable result is that only a 


they produce remarkably similar results 
ced giant star 
These two scenarios also assume essen- Soe 


ly about 3 minutes after the 


tially the same emission processes, main| 


synchrotron radiation (that is, radiatie her low 8 mit for the linearly 
duced by electrons accelerated to rekativis polarized flux at optical wavelengths was 
velocities and usually characterized by derived. Moreover, these observations were 


high degree of intrinsic polarization), al ‘oughly coincident in time with the onset of 
he afterglow, as shown by Molinari er 


(16), The | 


though the presence of other components, 
of evidence for strong polar 


photons scattered to higher energies by th ization just afier the afterglow onset could 
interaction with energetic electrons), ha pe uggest that large-seale magnetic fields are 
often been invoked, However, one important ener pot likely playing an important role in driv= 
difference arises—if large-scale magnetic Vie! ny gamma-ray burst outflows, However, if 


pherical symmetry that ean be assumed is commonly hypothesized, the prediction 


the first phases of the outflow evolution. he polarization during the afterglow 
Independently of the dewils of the m a nset depends on poorly known details of 
jeneral prediction for intemal e he magnetic energy transfer from the ou 


fi hocked medium around the 


of the event, the pol 
'¢ observations tracing the early time 


due to the extreme relativistic effects actin 
Stars, possibly 
at these stages, the observer sees only a small ie modeling of these first phases of eve 


neutron stars, ina 


lution of the outflow interaction with the 
compact binary 


portion of the emitting outflow, and onl 
ety small anisotropies are expected (8-1). ystem begin to matter surrounding the progenitor, will 


On the contrary, electromagnetic ene a inward, ttle the question. In addition, 


‘bility of carrying out polarimetric 


dominated outflows ¢ 


rather high-polarized hi ions at high energies, in particularin 
30 10 40% (12-14), he X-ray region, is an exeiting future possi: 
Polarimetric observations performed dur lity. It could open the way for measur 


ition are therefore an effective 
arized flux is mea: 
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MEDICINE 


Anticipating Trouble from 
Gene Transcription 


Mark E. Fortini 


umerous human neurological and 
Ness ive diseases, includ- 

ing Huntington's disease, spinocere~ 
bellar ataxias, and fragile X syndrome, 
involve expansions of certain tries of 
nucleotides, such as CAG and CGG, in the 
genome, These trinucleotide rep n 
arise in coding or noncoding sequences in 
select loci (/). Much research has focused on 
unraveling the consequences 
of these expansions. In some 


of neurodegenerative pathology in the po! 
glutamine diseases (4). Jung and Bonit 
make a major advance by successfully 
exploiting this powerful experimental organ- 
ism to address genetic instability. By show- 
ing that in the fly, changes in repeat length 
that occur over generations can be monitored 
in weeks rather than decades. the study opens 
the door for much-awaited genetic analysis. 


By forcing the frut fly to transcribe repeat 
regions, a model of certain human 
neurological disorders has been developed, 
which suggests new possibilities for 
understanding repeat instability. 


(31 of 78) of tandem CAG repeats in fly 
germline cells. Tracking individual trans- 
genes over nine generations revealed an 
overall rate of instability of up to 20%, The 
majority of events corresponded to small 
changes involving expansion or shrinkage 


of one to three CAG repeat units; 10% of 


events involved considerably larger repeat 
expansions of shrinkages (210 repeats). 


loan mth winaeotie repeats ‘Aozrpated glutanines Soll pot ol CoP 
‘cases, the repeat lengths are un- sano 

stable, accounting fora striking Tap klcedineshpclana seein” Ey — 

clinical feature called “genet (AG encodes glutamines (0) 

anticipation” in which disease CBP is sequestered 

symptoms become  progres= BP regulates 

sively more severe in succe: vvanscrption 

sive generations, On page 1857 poe Naber 

of this issue, Jung and Bonini Gomes 2 
(2) show that repeat instability py, oonasemo ————— 

can be replicated for a tri mm Le TT nrenesoeve caution ange 
Cleotide repeat disorder in the teases num ‘epes eased polyQ accumiation 

Ieotide repeat disorder in th aan Chose ncnreton tI 


fly Drosophila melanogaster. 
The study provides fresh in- 
sights into the role of gene 
transcription, DNA repait, 
and the potential complicity 
of pathogenic polyglutamine proteins 
in the genetic mechanisms that underlie 
repeat instability 

Trinucleotide expansions typically encode 
long stretches of glutamine residues when 
they occur within the protein-coding regions 
of genes, In many cases, the expanded poly- 
ghitamine domain causes misfolding of the 
affected protein and its aggregation into visi~ 
bly abnormal inclusions. Repeat lengths are 
also unstable, undergoing shrinkages and 
expansions—in some eases involving tens of 
CAG repeats—upon transmission from par- 
ent to child. Expansion is associated with 
more severe disease symptoms (3). Although 
several genetic models have been developed 
to study repeat instability, Drosophila has 
proven recalcitrant to showing the expected 
genetic instability of the repeats. This has 
been frustrating, given the fly model's sue~ 
cess in revealing cell biological mechanisms 
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The breakthrough in developing this new 
model for unstable polyglutamine expa 
ons was realizing that transcription of CAG 
repeats might be eritical for generating insta~ 
bility. Previous fly models have relied on the 
expression of transgenes containing CAG 
repeats in either developing or fully differen- 
tiated tissues that are most suitable for inves- 
tigating the primary neurodegenerative phe 
notype. However. these models failed to 
uncover substantial instability of even large 
repeat expansions (5). Because earlier work 
in Escherichia coli and mouse suggested that 
eat instability might be linked to tran- 
scription of the repeat region (3, 6. 7). Jung 
and Bonini reasoned that forcing # repeat 
containing transgene to be transcriptionally 
active in Drosophila germ cells mi 
considerable changes in repeat length. Such 
germline events would also be transmitted 
from one generation to the next, just as 
‘occurs in the genetic anticipation phenome- 
lutamine diseases. 

Jung and Bonini ex- 
pressed a transgene bearing various lengths 


‘Atoxic cycle, accelerated. Polyalutamine (polyQ) proteins interfere with CBP, which influences transcription and DNA repair. 
This may lead to more genetic instability ofthe trinudeotide repeats [(CAG),], increased polyglutamine protein production, 
more interference with CBP unction, and greater instability of expanded trinucleotide repeats. 


Overall, the prevalence of repeat changes in 
this fly model is still markedly less than that 
found in humans. However, a striking fea- 
ture is that the magnitudes of the large 
shrinkages and expansions are reminiscent 
of those seen in human patients (8, 9). The 
fly model shows. consistent bias for expan- 
sions over shrinkages, similar to what is 
observed with paternal transmission in 
human polyglutamine diseases. Moreover, in 
flies (as in mammals), larger trinucleotide 
expansions accelerated the process whereby 
the increased rate of instability begets even 
larger expansions. In humans, this scenario 
has deadly neurological consequences 

How might transcription influence the 
size of trinucleotide repeats? Such repeats 
give rise to DNA structures that trigger a 
DNA repair response Jung and Bonini 
found that Drosophila mutants deficient in 
transcription-coupled repair of DNA exhib- 
ited dampened rates of repeat instability: 
Conversely, mutations in CREB-binding 
protein (CBP), a protein that interacts with 
and regulates many transcription factors, 
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increased repeat instability. The latter could 
be reversed by treating flies with trichostatin 
A, a compound that can counteract loss of 
CBP activity. Thus, a specific DNA repair 
mechanism may promote rather than prevent 
aproblem. 

The precise role of CBP in influencing 
repeat expansions is unclear, though. Its abil- 
ity to modify histones and other protein 
targets with acetyl groups (10) could ha 
global effects on transcription, thereby 
affecting the expression of key DNA repair 
enzymes. A lack of major changes in the 
‘overall pattern of histone H3 or Ha acetyla- 
tion in the fly mutants suggests that other 
CBP targets might be implicated. CBP, 
which contains a short polyglutamine tract, 
also accumulates in the pathogenic inclu- 
sions with polyglutamine proteins (//). Itis 
likely that certain polyglutamine proteins 
can sequester CBP. reducing its availability 
in the cell, or can otherwise directly affect 


CBP function. This interference could in- 
crease the rate of repeat instability, which in 
turn would generate more polyglutamine 
proteins in a self-reinforcing cycle (see the 
figure). Whether all polyglutamine disease 
proteins have similar effects on CBP, and 
whether such effects extend to disease genes 
involving other types of expanded trinu- 
cleotide repeats, warrants investigation. 

The genomic context of trinucleotide 
repeats is a key determinant in repeat 
(7. 12),an issue that can be sys- 
tematically addressed using transgenic 
Drosophila approaches. Perhaps most prom- 
ising is the idea of testing the potential mod- 
uilatory effets of genetic background with 
the use of such fly models. In humans, 10 
tions span two centuries, with small 
family sizes and complex environmental and 
genetic influences. An equivalent longitudi- 
nal study using the fly, by contrast. would 
take just a few months, could be performed 
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under tightly controlled conditions, and 
could generate much larger numbers of indi- 
viduals for analysis, 
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GEOPHYSICS 


Taking Earth's Temperature 


Bruce A, Buffett 


‘uch of what we know about tem- 
perature in the interior of Earth is 
inferred from phase transitions, 


Temperature within the rocky mantle 
(roughly between 30 and 2900 km depth) is 
of particular interest because it indicates the 
current state of Earth’s heat engine, which 
powers nearly all geological processes. On 
page 1813 of this issue (/), van der Hilst and 
colleagues deseribe new results on the man- 
te temperature at wvo depths near the core- 
mantle boundary (CMB). The difference in 
temperature gives an estimate of the thermal 
flow atthe base of the man- 
Such estimates are crucial for resolving 
long-standing questions about the distribu- 
tion of heat-producing elements, the trans- 
port of heat through the interior, and the ther- 
‘mal evolution of the planet. 

Changes in pressure and temperature 
with depth cause transitions in the erystal 
structure of mantle minerals, which can be 
detected as abrupt changes (or discontimu- 
ities) in the speed of seismic waves (2) 
Researchers typically infer mantle tempera- 
ture from the depth of these discontinuities 
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using an experimentally determined phase 
diagram (3). Discontinuities at depths of 410 
km and 660 km fix the temperature in the 
upper mantle within experimental uncer- 
tainty, whereas the liquid-solid transition at 
the inner-core boundary anchors the temper- 
ature deep in the core. Our ability to interpo- 
late temperature to other depths is compro- 
mised by large uncertainties in the core tem- 
perature and by an incomplete understanding 
of the radial structure of convection in 
the mantle (4). 

To obtain their results, van der Hilst et al. 
used a seismic imaging technique that maps 
surfaces of abrupt change in wave speed. 
Seismic waves that reflect from surfaces near 
the base of the mantle are recorded mainly 
before the arrival of the principal reflection 
from the CMB (see the left panel of the f 
ure), To estimate the spatial structure, mag- 
and even the sign of wave-speed 
the seismic data are processed by 
‘means of numerical methods called “inverse 
scattering.” That is, instead of starting with a 
geophysical structure and calculating the 
scattering, the scattered waves are used to 
reconstruct the scattering structures. These 
methods were initially developed for hydro- 
carbon exploration (5), but growing interest 
in other areas of geophysics (6, 7) attests to 


Seismic data and improved analysis techniques 
allow researchers to measure the temperature 
at the boundary between Earth’s core and the 
‘outer mantle. 


the utility of high-resolution techniques 
‘when spatial sampling of the target region 
is sufficient. 

The reflectors identified by van der Hilst 
et al. are located near the CMB below 
Ceniral America, They attributed several 
prominent reflections to a newly discovered 
transition (8, 9) between the perovskite (pv) 
phase of the mineral (Mg,Fe)SiO,, the most 
abundant mineral in the mantle, and the 
higher-pressure postperovskite (ppv) phase. 
Published experimental and theoretical esti- 
mates for the pressure (P= 110 to 125 GPa) 
and temperature (7'= 2200 10 2700 K) of the 
phase transition suggest that the ppv phase 
may be present near the base of the mantle. 
Moreover, the rate of change of pressure with 
temperature (the Clapeyron slope) is thought 
to be much larger than values typically 
reported for the other mantle transitions: 
(10-12), A steep Clapeyron slope in the 
vicinity of a thermal boundary layer at the 
base of the mantle raises the possibility of 
double crossing of the py-ppy phase bound- 
ary (13). This first transition oceurs at the 
depth where pressure converts py into the 
‘more compact ppv structure. The resulting 
density increase of | to 2% is accompat 
by a2 to 4% increase in the speed of shear 
waves (/0, 14). A second transition occurs 
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Origin of seismic waves 


Core values, (Left) Waves from a 


the effects of latent heat, 


Within the boundary layer, where a rapid 


increase in temperature converts the ppv 


phase back to pv (see the ri 
the figure), 


ht panel of 


Reflection of shear waves from a double 
crossing of the py-ppv phase boundaries 
should produce characteristic reflections, 


and the observations support this expecta 
tion, The da I va 
tions in the height of the reflectors above the 
CMB. 
deflected upward ina region where subduc 


The upper transition appears to be 


tion of the Cocos plate of Central America 


ature 
with 


would presumably lower the tempe 


The observed topography is consist 
the positive Clapeyron slope of the py-ppv 

The lower transition appears to be 
deflected downward in this cold region, 
Which is reasonable 


transitio 


iven that temperature in 
the boundary layer must adjust to a nearly 


constant value at the surface of the core: 


st nt crosses the phase 


per thermal grad 


transition closer to the CMB (/4), 
At the margins of the study area, the 
upper and lower transitions appear to m 


implying that these regions are too hot to 
permit the ppv phase. A simil 
(e.g.. @ region of ppv phase) is present 
in the central Pacific (/5), suggestin 


that double crossings are widespread but 
not ubiquitous 
So what does this finding mean for 


Earth’s thermal state? The occurrence of a 


double etossing anywhere indicates that the 
temperature at the top of the core must 
exceed the transition temperature atthe pres- 
sure of the CMB. A lower core temperature 
le reflector that must be 
‘above the CMB. 


permits only a sin 


present everywher 


smic disturbance rellect from different structures in the CMB and 
ture curve (thick yellow line) with the py phase transition boundary (green l 
‘overlying mantle is sufficiently hot (thin yellow line), The dens 
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Conversely, a higher core temperature 
permits intermittent re 


mns of ppv phase in 


places where the radial ge 


(rate of change of temperature versus radius) 


is steeper than the phase boundary (-S to 
8 K/km). Re: 


absent indicate a smaller radial gradient and 


jons where the ppv phase is 


less heat flow. More specific estimates of 
temperature and heat flow can be obtained by 
fitting a simple parametric representation of 
the boundary layer temperature (/. 15). By 
iching the points of intersection of thermal 


nt with the phase boundary to the 


height of the observed reflectors, itis possible 
to calculate the temperiture and heat flow at 
the CMB. Of course, the phase boundary is 
not well known, 


nd the influence of compo- 
sitional variations is currently a wild card, but 
th I relationship betwee 
boundary 
should st 


the phase 


id the local temperature profile 
ind the test of time, as long as the 


reflectors are correctly interpreted as phase 
transitions, As our knowledge of the phase 
diagram improves, so will our knowledge of 
temperature near the base of the mantle 
Another wrinkle is introduced when the 


dense layer of ppv sinks into the less dense 
layer of px: A settling velocity of 1 mm/year 
is plausible given typical (but uncertain) esti- 
mates for the density contrast (0), viscosity 
(6), and characteristic dimensions of the 
ppv region (/. 15). including its height above 
the CMB, Heat is absorbed at the base of the 
zone by conversion of ppv to pv. steepening 
the temperature gradient at the CMB, possi- 
bly bya factor of wo ormore relative to the pre- 
dictions obtained with the simple boundary 


layer model. Ah 
the underly 


sher heat flow would cool 


‘ore more rapidly and drive 
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Temperature 


detected at the surface. (Right) Intersection of tempera: 
defines the upper and lower surfaces of the ppv layer. No transition occurs when the 
‘ppv layer (shaded) drives flow toward and along the CMB, altering the temperature gradient due to 


more vigorous convection, increasing the 
power available to generate Earth's mi 
field. additional energy 
sources in the core may be needed t0 main: 
tain the higher heat flow 

The important result in this study is the 


netic However, 


detection of new phase transitions in the 
mantle with seismic methods that have only 
recently been applied to the study of the deep 
interior. Advances in the methodology are 
likely and better data coverage is expected 
through the ongoing USArray component of 


Earthscope. Future work with this and other 
instruments has the potential to reveal new 


insights into the inner workings of our planet. 
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CLIMATE CHANGE 


Ice Sheet Stability and 


Sea-Level Rise 


John B. Anderson 


he base of the West Antarctic Ice 
Sheet is mostly below sea level. 
Where the ice is thin enough to float, 


it spreads seaward into vast ice shelves. The 
grounding line is the juncture between the 


ice shelf and the part of the ice sheet that is 
thick enough to ground on the sea floor. Any 
increase in water depth or decrease in ice 


sheet thickness at the grounding line could 
cause the ice sheet to float off the sea floor. 
The grounding line will then retreat kand- 
ward until the water depth decreases or the 
thickness of the ice sheet increases to the 
point where it is no longer bueyant 

It has long been argued that a rise in sea 
level oF 


change in ice sheet thickness 
result in rapid grounding-line retreat, thereby 
increasing the overall rate of sea-level rise 
(J. 2). Thus, the West Antarctic Ice Sheet may 
be inherently unstable, The ice sheet has 
clearly retreated landward since the Last 
jacial Maximum (~20,000 ve: 


ago) when 


its grounding line was located at the edge of 
the continental shelf"(3) (see the first figure). 
Rev nges in the ice sheet have raised 


concern that it may be retreating again. 
Two reports in this issue show that atleast 


fone threat to the ice sheet's stability—sea- 
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may not be as serious as has been 


level rise 
feared, Anandakrishnan ¢7 al. on page | 
(4)and Alley et al. on page 1838 (5) provide 
evidence that the grounding line of the 
Whillans Ice Stream, one of the major 
drainage outlets of the West Ant- 
arctic lee Sheet, rests on a wedge of 
nents that will stabilize the ice 


ga sea-level rise of 


The grounding line, past and present. 
This satelite image of the Ross Sea and 
Ross Ice Shelf shows the modem ground: 
ing line of the ice sheet, as well as 
its grounding line ~20,000 years ago 
(red line). Arrows show flow lines of 
ice streams. The location of the mod: 
ern grounding-line wedge identitied by 
‘Anandakrishnan etal. fs aso shown, 


several meters. Thus, in the foresee 
able future. sea-level rise should not 
threaten the ice sheet’ stability 
Around West Antarctica, the 
flow of the ice sheet converges 
toward the coast as the ice 
through mountain and sea-floor valleys. The 
n rapidly 
1¢ streams, with flow velocities of 


‘elerates to for 


flowing 


Stabilizing ice sheets. (Top) 
Seismic image of an ancient 
ice stream wedge on the Ross 
Sea continental shell. The 
dashed line marks an erosion 
surface that formed during 
the advance of the ie sheet 
‘onto the continental shell. The 
wedge was deposited as the 
‘rounding line ofthe ce sheet 
became stationary at this loca- 
tion during the overall retreat. 
[Adapted from (3)] (Bottom) 
In the model presented by 
Alley etal. the wedge elevates 
the grounding line and mani 
fests itself as an abrupt 
change in the profile ofthe ice 
sheet at ths location. It stabi- 
lzes the grounding line as sea 
level rises. The horizontal 
scale of the model has been 
adjusted to approximate the 
wedges on the continental 
shelf shown at the top. 


Depth below seafloor (mn) 
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wedge of sediments appears to stabilize the 
Whillans Ice Stream, suggesting that sea-level 
rise may not destabilize ice sheets as much as 
previously feared. 


typically a few hundred meters per year 
(compared with a few tens of meters per year 
in nonstreaming parts of the ice sheet) 
Hence, the ice streams have long bes 
sidered the unstable portion of the 
(6). Indeed, as the technology for analyzing 
the behavior of ice streams has evolved, 
signs of their instability have also emerged 
(7). To assess West Antarctic lee Sheet sta- 
bility, itis thus crucial to understand the fae~ 
tors that regulate ice stream behavior over 
centuries to millenni 

Early discussions of ice stream stability 
focused on the reason for rapid and poten- 
tially episodic flow. Measured velocities of 
‘most ice streams far exceed the capacity 
ice to flow internally, especially where the ice 
is not confined by valley walls. Hence, high 
's must be accounted for by basal 
Basal sliding requires a lubricant at 
1. either water ora sed- 
imentwater mixture. It is now generally 
accepted that rapid flow of ice streams is due, 
atleast in part, to flow across deforming till 
layer produced by the mixing of basal melt- 
water with sedimentary material (&, 9), 

The deforming till concept implies high 
rates of sediment transport at the bed. The 


cena fo dacon <> 
SEES 


Ace sheet Ice shelf 


Grounding tine 


30 MARCH 2007 


1803 


| PERSPECTIVES 


1804 


sediment that moves seaward within the sub- 
glacial conveyer belt is deposited in wedges 
‘of sedimentary material known as grounding- 
line wedges. Several such wedges have been 
identified and mapped in broad valleys on the 
Antarctic continental shelf with detailed 
images of the sea floor and high-resolution 
seismic data (see the second figure. top 
panel) (7). Ive streams excavated these val- 
leys when the ive sheet advanced onto these 
continental shelves. The wedges were formed 
at locations where the grounding lines stabi- 
lized fora while during retreat, 
‘Anardlakrishnan eral. now provide the First 
documentation of a grounding-line wedge 
beneath a modern ice stream, the Whillans Ice 
Stream. The wedge is likely to have formed 
during a pause in the overall retreat of the ice 
sheet, Alley et al. deseribe the wedge in rela~ 
tion tothe current ive stream configuration and 
behavior, and model the response of the ice 
stream to sea-level rise. The combined results 
show that the modern grounding line is situ- 
ated over the erestofthe wedge andl that the ice 


thickness increases appreciably upstream of 
the grounding line (see the second figure, bot- 
tom panel), The model results indicate that the 
ice sheet is thick enough at that point to remain 
grounded, even with a sea-level rise of several 
meters. At the current rate of sea-level rise, it 
‘would take several thousand years 16 float the 
ice sheet off the bed. 

The two reports discuss a single ice 
stream, but relict grounding-zone wedges are 
common features on the continental shelf, 
including the Ross Sea shelf (3, 10). In addi- 
tion, all ice streams of the Siple Coast have an 
anomalous elevation and stop at the ground- 
ing line (11). Thus. this mechanism for stabi- 
lization of the grounding line is lil 
be widespread. 

The ice sheets have changed in the past 
and are changing today. Yet Anandakrishnan 
et al. and Alley et al. demonstrate that 
grounding-line deposition serves to stabilize 
ice streams, suggesting a decreased role 
for sea level in explaining these changes. 
Future research should focus on other ice 


streams, especially those that currently d 
play signs of instability, t get at the causes 
of this instability, 
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ATMOSPHERIC SCIENCE 


CO, Is Not the Only Gas 


Keith P, Shine and William T. Sturges 


assessments of the role of humankind 

in climate change concluded that “be- 
cause methane has no direct effects on eli- 
ae... itis considered of no importance” [(/), 
1p. 242]. How times change. By the mid-1980s 
(2), methane and a host of other non-CO, 
tases were together recognized to be con 
tributing to climate change by an amount 
comparable to that of CO,, 

‘An increase in the concentration of a 
greenhouse gas ¢: 
energy balance. This chan; 
ing. isa simple indicator of the climate change 
impact. The largest single contributor to 
radiative forcing is CO,, with an estimated 
value of 1.66 W nr since preindustrial 
times—enough, on its own, to eventually raise 
slobal average surfiice temperatures by about 
1.4°C. The non-CO, greenhouse gases con- 
tribute an additional 1 W m= (3, 4). 

The Kyoto Protocol to the United Nations 
Framework Convention on Climate Change 


[ 1971. one of the first international 
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recognizes the importance of non-CO, green- 
house gases. Emission targets for signatories 
to the Convention are given in terms of CO,- 
equivalent emissions; the signatories can 
choose to control emissions of several 
gases—CO,, methane, nitrous oxide, sulfir 
hexafluoride (SF,), the hydrofluorocarbons, 
and the perfluorocarbons—to meet their tar- 
gets. There remain issues concerning what 
emissions are included and excluded in the 
Kyoto Protocol and the method by which 
emissions of different gases are placed on a 
common “earbon-equivalent” scale (5), Never- 
theless. itis clear that controlling non-CO, 
greenhouse gas emissions can play a very 
important role in attempts to limit future cli- 
mate change (6, 7). 

The contribution of a given non-CO, 
greenhouse gas to radiative forcing depends 
‘on its ability to absorb infrared radiation emit- 
ted by Earth’s surface and atmosphere. This 
ability is determined by fundamental spectro- 
scopic properties of the molecule: to be really 
effective, the molecule must absorb at wave- 
lengths where the atmosphere is not already 
strongly absorbing. The contribution also 
depends on the change in the atmospheric 
concentration of the gas: this change is deter- 


About 40% of the heat trapped by. 
anthropogenic greenhouse gases is due to 
‘gases other than carbon dioxide, primarily 
methane. 


mined by the size of its emissions and by its 
aaimospherie lifetime, The lifetimes of no 
CO, greenhouse gases vary from less than a 
year to thousands of years. 

On a per-molecule basis, many non-CO, 
sereenhouse gases are far more effective than 
CO, at contributing to radiative forcing, For 
example, the absorption strength of heavily 
fluorinated molecules can be 10,000 times 
that of CO,. CO, has a dominant radiative 
forcing only because the increase in its atmo- 
spheric concentration has been so large 
around 100 parts per million (ppm) since 
preindustrial times. Methane, by contrast, has 
increased by only 1 ppm; other important non= 
CO, greenhouse gases have increased by parts 
per billion or even parts per trillion (ppt). yet 
‘sill contribute appreciably to radiative foreing 
GS-10). 

Determining the past and present growth 
of non-CO, greenhouse gases in the atmo- 
sphere is not trivial. A global network of sur- 
face measurements has only become available 
since the late 1970s (8-0). Unraveling earlier 
histories requires measurements of “firm ait” 
pumped out of deep snow in polar regions, or 
analysis of tiny bubbles trapped in ice cores. 
Glacial records of the more abundant gases, 
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CO, and methane, are well established, but 
more complete histories ofa wider range of 
greenhouse gases have only recently become 
available (7-14). Some, such as methane, 
have natural backgrounds due to emissions 
from, for example, wetlands, soils, and 
the ocean; methane concentrations have 
increased dramatically in the 20th century as a 
result of human activities, including fossil fuel 
use and agriculture. Other greenhouse gase: 
have been found to be entirely human-made. 

Methane poses the biggest challenge to 


1850 1870 1890 1910 1930 


Year 


Time histories for the abundances of three non-CO, greenhouse 
‘gases. Data for methane are from (6, 20) and for the hydrofluorocarbon 
HFC-134a from (9, 10). The curve for CF is based on a model fit to firn 


air (23) and ice core (19) measurements. 


‘current understanding. Its concentration has 
increased by a factor of 2.5 since 1800, giving 
a radiative foreing of almost 0,5 W m- (3, 9, 
jons arise because methane is 
chemically reactive, leading to a number of 
additional effects, For example, rising meth- 
dane concentrations can cause increases in 
‘ozone and stratospheric water vapor concen- 
trations. A recent emissions-based view of 
methane’ radiative forcing that included 
these additional effects estimated that 
mmethane’s true contribution was nearer 0.9 W 
m (15), equivalent to more than half the 
raaiative forcing caused by COs. 

The steady rise in methane levels since the 
mid-19th century has stowed markedly in the 
past decade (see the figure), There are many 
possible explanations for this: for example, 
‘methane emissions may no longer be inereas- 
ing, the concentration of oxidizing radicals 
may have increased because of other emis- 
sions, or climate change itself may have has- 
tened methane destruction (via increased tem- 
peratures ora greater abundance of oxidizing 
radicals) (8. 9. 16). Until this slowdown is 
properly understood, confidence in projec 
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tions of future methane changes remains ten- 
tative. Questions also persist about the natural 
emissions of methane: a recent study sugvests 
that plants may constitute a much larger 
‘source than hitherto believed (/7). 

Two other major classes of non-CO, 
‘greenhouse gases are the chlorofluorocarbons 
and hydrofluorocarbons. Chlorofluorocar- 
bons were widely used in, forexample, refrig- 
eration and air conditioning, but have largely 
been phased out as a result of the Montre: 
Protocol on Substances that Deplete the 
‘Ozone Layer. The concer 
trations of the most abun- 
dant chlorofluorocarbons 
are nevertheless still high 
and declining only slowly 
because of their long life- 
times (8), The hydrofluoro- 
cearbons have replaced many 
ofthe uses ofthe chlorofluo- 
rocarbons: they are beni 
to stratospheric ozone but 
are strong greenhouse gases 
The concentration of the 
most abundant of ‘these, 
HFC-134a, more than dou- 
bled every year in the mid- 
1990s and is still increasing 
bby more than 10% per year: 
it is now at 40 ppt (see the 
Figure) (9. 10). Ts radiative 
forcing is currently smal 
{about 0,005 W m™), but if 
its growth nates sustained it 
\ill become a significant contributor. 

Fully fluorinated gases, including SF, and 
perfluorocarbons such as CF,, form another 
distinct group of greenhouse gases. Their 
sources include aluminum and magnesium 
smelting, high-voltage dielectrics, and com 
puter chip production, Some, such as SF,CF, 
(8), have origins that remain obscure. These 
gases have very long lifetimes, in some cases 
more than 10,000 years (8). Once emitted, 
these “super-greenhouse gases” impart an 
essentially permanent, although currently 
very small, change to the atmosphere's ability 
to absorb infrared radiation. Nearly all are 
human-made, but CF, has a small natural 
source. It took many millennia for the atmos- 
phere to accumulate 35 ppt of CF,. and less 
than 50 years of industrial activity 0 double it 
(see the figure) (8, 13, 19). 

It is crucial that researchers continue to 
monitor non-CO, greenhouse gas concentra 
tions and investigate their sources, lifetimes, 
and spectroscopic properties. These data and 
insights will enable industry and policy- 
makers to make informed decisions on the 
desirability and impact of allowing or curbing 
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emissions. CO, undoubtedly remains the sin- 
gle most important contributor tw greenhouse 
gas radiative forcing, but the non-CO, green- 


house gases are important both colle 


vely 


and individually. It seems unlikely that we 
have overlooked @ major contributor to radia- 
tive forcing, but this was probably what was 
thought in the early 1970s, 
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AAAS NEWS & NOTES 


EDITED BY EDWARD W. LEMPINEN 


PUBLIC ENGAGEMENT 


AAAS Town Hall Probes Challenges 
and Opportunities of Climate Change 


SAN FRANCISCO With the United States 
approaching a tipping point on climate change 
policy, AAAS brought more than a thousand 
teachers, students, business executives, and jour 
hualists together with top researchers for a town 
hull forum atthe association's Annual Meeting 
Presentations at the event prow ded educators 
‘and stusnts with powerful evidence of climate 
trends confronting humanity in the century 
ahead, But a guarded optimism prevailed, and 
through a creative exereise on greenhouse gas 
reduction and by exploring pos- 
sibilities for improved cars, 
buildings. and power plants the 
speakers made clear that science 
and technology can contribute 
much {0 potential solutions 
AAAS President John P. 
Holdren, in the Annual Meet~ 
ing's presidential address, 
focused on the ertieal near- and 
long-term threats from climate 
change. Atthe town hall, he 
‘opened on adifferent tack. Climate change is 
immense teaching opportunity.” he said. a single 
framework for delivering lessons in physics. 
logy. meteorology. and technology. 
Often the subject is not taught effective 
said P. John Whitsett, president-elect of the 
tional Science Teachers Association (NSTA), 
national standards and benchmarks call 
ing it andl NSTA and other groups are 
\working to aid teachers, traditional curriculum 
“dictates science be taught in little boxes.” he 
said, Textbook treatment of climate change “is 
a best cursory and! at worst nonexistent.” 
AAAS has staked out an ambitious, active 
profile on global climate change, and the effort 
‘culminated in the Annual Meeting from 1S to 19 
February under the theme “Science and Tech- 
nology for Sustainable Well-Being.” Environ- 
ment-related briefings and symposia generated 
hundreds of news stories in the United States 
and worldwide, Project 2061, AAAS's science 
educ: 


on reform initia cased a new 


© Later in February, the Uni 
Foundation and Sigma Xi 


report pre 


experts, including three recent and current 
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Researcher Lonnie G. Thompson 


AAAS leaders: Holdren, who became chairman 
ofthe AAAS Board of Directors at the end of the 
Annual Meeting: former AAAS President and 
Chairman Peter H. Raven: and former AAAS. 
Board Member Rosina Bierbaum. 

Just before the town hall on Sunday 18 Feb- 
ruary, the AAAS Board released a statement 
thar drew coverage in the Mushingion Post and 
other publications. "The growing torrent of 
a clear message: We are 
climate change” it 
is time to muster the 
political will for concerted 
action, Stronger 


all levels is needod.... We owe 
tions." 
The town hall event, 


ig and Learn 
it Global Climate 
offered participants 
sf forward-looking 
briefings and dialogue. It 
opened with the debut of 
AAAS's 12-minute video. which deseribes the 
change and 
village of 


Change, 


Lonnie G. Thompson, an Ohio State Unive 
sity professor whose study of glaciers has dra- 
matically ex ding of climate 
history, gan of 
Eanh’s ice sheets. “Their loss is readily ap 
cent” he said, “and they haveno political agenda. 

‘Subsequent speakers suggested creative 
approaches to climate change, few of them easy, 

Palcoclimatologist Margaret Leinen, chief 
science officer for green-tech startup Climos 
Ine... described how corporations and venture 
capital firms are moving 
invest in potential solutions. 
bullet for solving this problem; she said, 
\We must use every alternative available to us.” 

Given the enormity of the 
lenge is daunting, said two Princeton scholars 
who presided over a “Stabilization Wedges” 
exercise, Members of the audience had to 
develop a portfolio of options for reduc 
bon emissions. Voting with electronic clickers, 


rejecting nuclear energy. 


Gieen-tech visionary Amory B, Lovins, 
chairman of Rocky Mountain Institute, sug 
gested that some climate prescriptions may be 
too dire, Politicians tend to concentrate on the 
“cost, burden, and sacrifice” ofthe effort, he 
said. “Any practitioner will tell you, empirically, 
that it’s not a costly activity, but a profitable one: 
becauseitscheapertossave fuel than to buy tte.” 
Further, he said, materials and technology are 
ng that will allow extraordinary energy 
ficiency in jets, cars, and buildings 

Thase were the sorts of messages that 
gued many teachers and others who attended 
“m concerned that kids will just get 
depressed about the statcofaflaits,”stid Barbara 
Denny, who teaches envitonmental science at 
Miramonte High Schoo! in Orinda, California. 
“Lreally want to encourage them to start thinking 
about solutions. So I eame for inspiration. 

(To sce AAAS climate resources, including 
town hall presentations, the new video, and the 
‘education groups that cosponsored the event, 
Visit wwwwataas.ong elim 


HEALTH SCIENCE 
New AAAS Book: Straight 
Talk on Fighting Obesity 


The corer features brightly colored mélange of 

the pages inside holda wealth of 
plain-spoken aneedotes and 
science-hased advice, mak- 
ing the latest book in 
AAAS's “Healthy People” 
an ible, common- 
ide to fitness and 
fighting obesity 

“Obesity: The Science 
Inside," like the six earlor volumes by AAAS. 
award-winning Healthy People Library Proje 
is aimed at providing useful information to 

and disadvantaged communities 
through public libraries. Itsteers clear of jargon 
while emphasizing the importance of good 
health habits such as eating right and exercising, 

With childhood obesity of particular con- 
cer, the volume also includes tools for parents 
to help their children stay healthy suid Kirstin 
Fearnley, the AAAS Education and Human 3 
Resourees program associate who researched 
and wrote much of the booklet, 

The booklet was funded in part by the 
National Center for Research Resources at the 
US. National Institutes of Health. To obtain free 
copies, visit www healthlitorg 
— Coro! Viera 


Cer (cen TER THOMAS WAS 


wwwsciencemag.org 


Materials for Aesthetic, Energy-Efficient, 
and Self-Diagnostic Buildings 


John E. Fernandez 


Ithas become desirable to reduce the nonrenewable content and energy footprint of the built 
environment and to develop “smart buildings” that allow for inexpensive monitoring and self- 
diagnostic capabilites. Latest-generation embedded sensors, self-healing composites, and nanoscale 
‘and responsive materials may augur a time when buildings can substantially adjust to changing 
environmental and functional demands. However, faced with the legal liability resulting from unknown 


lifetime performance, designers and engineers have had little incentive to incorporate new material 


technologies into building designs. As efficiency issues become more acute, the potential for 
improvement in performance from new materials, together with partnerships between the materials 
science community and those entrusted with the design and engineering of the built environment, may 


offer real breakthroughs for the future, 


ikings say one ofthe rv base 
Boi si ssn ts done 


activities. The im- 


ible and 
- 
fciary of advances in modem 
neering. Equally 
‘enduring is our interest in representing cultural 
values through our buildings. During much of 
the 20th century, visions of buildings as 
nes for living” were particularly effective in 
ent of novel material 


mutable requirement to provide a rel 
durable built environment has been both a 
alyst for 


nda 
materials science and 


promoting the developn 
solutions 

Toxtay’s buildings contain many materials not 
available only decade Juding reinforced 
conerete, neoprene, silicone, poly(vinyl chloride) 
(PVC), ethylene tetrafluorocthylene (ETFE), 
laminated glass using polyvinylbutyral and 
fiber-reinforced polymer composites, and many 
‘others (Fig. 1)(/), Many of these materi 
discovered and used successfully in industry 
decades before their application in. buildings. 
For example, PVC was synthesized in its pure 
form in 1913 and introduced commercially in 
1933 but 
Until the 1970s. ETFE was introduced commer- 
ly in 1970 but was not used in buildings until 


is not used extensively in build 


recently, despite very good prope 
replacement 

In developed nations, the material through 
put devoted to the built environment accounts 
for 70% (by weight) of national 
struction and demolition waste fro 
amounts 1 6% of the total nonindusti 
stream, whereas the global prod 
crete alone accounts for about 8° 
‘emissions. In addition, building 
nent of primary i 


glass 


waste 
tion of con- 
of total CO 
say use and account for 40% 


Department of Architecture, MIT Building Technology Pro- 
‘ram, Massachusetts Institute of Technology, Room 5-418, 
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of to mption and 60% of elke 
trical use in developed nations. 


Materials for Building Structures 
The physical components of a buikling’s struc- 
re are responsible for the collection and dis- 
tribution of the weight of all of the elements of 
the buikling and imposed loads from the 
nt. A building's structure is composed 
of two subsystems—the superstructure above 
round, and the substructure foundation below 
along With all of the various secondary 
assemblies that transfer static and dynamic loaxls 
to the building frame. Stresses that pass through 
these components are the result of the ump: 
lative all fixed 
building. people using 
ponents themselves, snow and rain, as well 
dynamic pressures fom the wind that presses 
ide and roof, eanhquakes, long-term 
foundation settlement, 
local conditions. For the most part, the extent 


on its f 


nd a diverse variety of 


of the structure encompasses the enclosed 
volume of the buili 
for strong, stiff, and 


which results in a need 


selection of economic: 

is system is relatively limited and has tradi- 
tionally included. wood, 
clays, and a variety of masonry materia 
nontraditional structura 
minum, glass, and structural textiles are used 
‘only occasionally, with the excepto 
reinforced polymers (FRPS), which 
accepted for short-span bridges and small 
plications (2 


steel, concrete, stone, 
Other 
materials such as alu: 


¢ reliability has fed 
nse the health of lary 
seake structures and providing solutions for dan 
caused by the environment and aye. Our 
buildings are designed for typical service lives of 
30 10 75 years, whereas large civil structures are 
expected to attain a 120-to 150-year life without 
additional investment. Monitoring and ensuring 


the health of these structures includes technolo- 
sies to provide accurate and inexpensive sensors 
as well as materials that administer a useful level 
Of repair and selChealing: the later are variously 
referred to as “smart,” “self diagnostic,” and "sel 
bicaling” materials, Anotherset of concems are the 
overall environmental and resource issues that 
accompany the construction and maintenance of 
muterial-intensive buikling and inf 
projects. With the awareness of the growing 
‘esource consumption involved in the construc 
tion and operation of buildings, designers and 
engi rch of techniques and 
materials that contribute breakthrough gains in 
material and enengy efficiencies. 

Structural wood composites, referred 0 as 
‘engineered woods, have be ed fiom 
a variety of wood waste products, with phenol 
resorcinol as the most common bonding agent 
Wood composites have been used in Europe 
since around 1890 and today include glue. 
lninated members, laminated yeneer lumber, 
parallelstrand lumber laminated. strand 
Jumber, Engineered woods are superior to natural 
timber in their din lity, use of wood 
waste, research 
includes textile and fiber reinforcement using car 
bon, glass, and aramid materials for higher 
ssrength and stiffness (5), Research isn 
for ments and effective 
‘environmentally benign, nontoxic wood presery= 
atives 10 replace chromated copper arsen: 
Which has recently come under scrutiny as 
source of elevated arsenic levels in areas adjacent 


Structure 


ase of customization, Curnes 


ded 


Fig. 1. The ETFE pneumatic double-membrane 
“pillows” of the facade of the Space and Science 
Center in Leicester, UK. ETFE, a member of the 
fuoroplastic family, offers excellent transparency, 
good mechanical strength, good permeability 
resistance, and excellent abrasion resistance over 
2 temperature range of -185°C to +150°C. [Pho- 
to by J. E Fernandez] 
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to wood decks, chikiren’s ply 
treated structures 

Research advances in metals for structures 
ade good progress at improving reliable 
service under catastrophic conditions, New steel 
alloys have attained much higher service tem- 
peratures while retaining more than 70% of their 
it consideration in prevent- 
ing catastrophic collapse due to fire, Other steels 
alloyed with various amounts of vanadium, mo- 
copper have shown in- 
wth over the temperature rar 
\which typical structural steels lose ste 
t0 380°C (6), Alo, metal-polymer lan 
elastomeric and natural rubber layers sandwiched 
between steel or lead plates have been used as 
isolation bearings for buildings in seismic zones 
The bearing surfaces for such devices are as lar 
as | m? and sustain loads of up to S MN. These 
assemblies are located atthe interface between the 
superstructure and the foundation and take ad- 
Vantage of the nonlinear viscoelastic behavior of 
rubbers that are capable of deformation up to 


creased st 


tes using 


ly reinforced, has bee 
for materials research for 


rt 


proved toughness, y 
rious kinds now use a long list of 
additives for strength, workability, controlled and 
compaction, shrink 
ntrainment, and the reduction of wa- 


accelerated curing 
ion, air 


sands and coar 
fume, industrial slags, and fly ash; these ane used 
in a variety of concrete mixes for volume fillers, 
compaction, and cement substitution, Chemical 
additives include superplasticizers of sulfonated 
mine-formaklchyde condensates, sulfonated 


fied lignosulfonates, and potycarboxylate deriv 
atives: water-reducing additives include salts and 


id various polymeric: materia 
tate the production of ce 
iment paste at lower water content by deflocculat- 
ing the cement particles. and libe 
They can also, along with certain su 
rivatives, retard the curing of conere 
With these and other improv 
mater 
and reliable. Impressive gains in strength have 
‘accompanied the improvements to these proper 
ties. Axial compressive sten 
to more than 150 MPa, a threefold rise since 1985. 
Ubtrahigh-perfommance fiber-reinforced concretes 
(UHPERCS) use thin steel whi 
randomly in a highly engineered and compacted 
‘concrete matrix composite that displays distint 
ductile behavior. Recent work has produced a 
that uses embed- 
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nanoscale film that controls the fiber-matrix in- 
terfacial bond; relative to conventional concret 


and 40% lighter per unit w 
autoclaved concrete is a foamed material 
and soft enough to be cut with a large bandsaw 
and stacked like masonry. 

Cement research has also considered alter- 
These 
fe binders result in “green” concrete, a 


native 
alternat 


panded polystyrene, glass, and recycled concrete, 
allows the concrete matrix to act as a long 


landfill (9), 
challenges in structural materials con. 
tinue to be low cost per unit weight, improved 
strength per unit weight, and strength per unit 
‘embodied energy with reliability and durability 
In addition, the monitoring of structural behav 
jor deserves special m ve 
been successfully placed in many types of struc- 
tures, including conerete, steel, wood, and FRP 
frames (10-12), Conerete and FRP are particu- 
larly amenable to accepting materials and devices 
that can relay smal stress 
and strain, as well as moisture content and tem 
perature of concrete and FRP matrices (13, 14) 
This is important because FRP: 


tion, Sensors 


fibers become a common reinforcing material 
rectly in the concrete matrix (/5, 16). Carbon 
nanotubes and sheets have potential as monite 
media while providing enormous improve: 
iments in strength (17, 18), 


Materials for Exterior Enclosures 
The buikling enclosure system controls the flow 
‘of mass and enengy between the inside and out 
side. In concert with building services, this sys- 
tem ensures that a reliable and habitable interior 
‘environment can be maintained. Air, wate, 
tic pressure, and pollutants as well as radi 
and visible light from the Sun const 
major clements of these flows. Today. tis syste 
includes thermal insulation, air, vapor and radia 
barriers. windows, and many other components 
In the past, massive walls would ensure that wa- 
ter, air, and heat flow could be controlled to an 
extent. Over the past decades, the modern but 
ing enclosure has delivered a much higher level 
of predictable service by developing into a multi 
layered system incorporating a diverse ran 
materials. These assemblies include the opaque 
vertical wall, windows, doors, and other open- 
< the roof, skylights, and water management 
nts such as flashing and rainwater drains: 
ry number of elements that negotiate the 
geometric configuration of the building itself 
Separation and specialization of function has 
been facilitated by the introduction of higher- 


performing materials targeted at specific barier 
needs. 

Relative to their mineral woo! and natural 
fiber precursors, moder insulation materials are 
5 to 3 times as resistant to the flow of heat 
‘Typical materials today include blankets of loose, 
‘nonwoven glass fibers treated cellulose; and poly 

Juading polyisocyanurate, poly 


mer foams 
polyurethane, and po 
systems include vacuum- 
encased in aluminized Mylar pillows as well as 


serogel materials of foamed sca capable of ther 
mal resistance as low as 0.008 W mv! K" (Fig. 2). 
Water vapor resistance is often provided by ap- 


plying a continuous material layer of limited 
permeability, most commonly polyethylene sheet 
ing, Air barriers use a variety of sheet materials, 
and radiant barriers use aluminized paper and 
Mylar films. 

As with structural materials, research for the 
exterior envelope can also be grouped into two 
separate lists, First, improved materials for the 
‘opaque portion of the exterior envelope—that 
area of buildings containing all primary barrier 
systems ‘overall improve- 
nt in energy use, Air, vapor, and radiant bar 
well as materials that are better thermal 
© critically newex, Smart bauriens that 
be tuned for ety of climatic and per- 


‘ean contribute 


mney with health con- 
ising from sick building syndrome, Sec- 
‘ond, the transparent portion of the envelope 
individual window assemblies, curtain walls, 
and sky would benefit from a new gen= 
of materials with precisely tuned proper 
to allow daylight, avoid glare, and provide 
controlled heat gain and loss 

Current work includes high-performance ther 
imal insulators of yasfilled panels using argon 
krypton, and xenon gas with acrogel (open-cell 


Fig. 2. Detail of an unfinished exterior wall 
assembly showing a waterproof membrane of self- 
adhering ethylene propylene diene monomer rub- 
ber (EPDM) on a structure of precast concrete inset 
with aluminum window frames. [Photo by J. E. 
Femandez] 
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panels have demonstrated effective thermal con- 
dductance as low as 0.01 W mK: that is, they 
are about 3.5 times as effective as typical glass 
fiber bat insulation. Vacuum panels can achieve a 
value of 0,002 Wm" K" and lower. However, 
these systems are relatively eypensive and require 
careful insallation. Robust and inexpensive super 
insulating materials of thermal conductance below 
0.02 Wmv K* will markedly improve thenmal 
perfomance of buildings. Additionally, self 
repairing air and vapor buriers would. gxcatly 
dvanee the energy performance of contemporary 
buildings by automatically sealing gaps arising 
from inconsistent quality in the application of 
these materials. 

‘Material needs for the transparent portion of 
the envelope require better materials for precise- 
ly tuned apertures fora variety of buikling types 
and climates. Bringing in daylight is always 
tempered by the effect of glare and the heat that 
is transported through infrared radiation. The 
use of low-emmissivity metal oxide coatings is 
now widespread in the United States. A full 
40% of all windows sold today are coated with 
a low-emissivity coating that reduces radiative 
heat flow. Many other materials are being 
developed for high-performance window assem- 
blies, including spectral-selective ghiss and 
polymer sheets and foils; micrometer-scale 
particles of CaCOs, BuSO,, THO, and ZnS em- 
breided in poly(methy! methylacrylat) (PMMA) 
and polyearbonate substrates for control of solar 
radiation; angularselective thin films and laser- 
grooved polymer panels and holographic films 
(19-22), There is also a need for inexpensive and 
cflicient reflective mirror surfaces and ultraclear 
solid polymers for “light pipe” and “tight gui 
devices that conduct daylight deep into the 
interiors of buildings and are integrated with 
anidolic ceiling assemblies (25). 

In contrast, smart materials for active glazing 
have been developed but are not curently eco- 
nomically viable for most buildings: many are 
priced at $75 to $250/m?, 2 to 5 times the cost 
‘of double-pane, metal oxide-coated phiss. These 
chromogenic materials display electrochromic. 
Photochromic, and thermochromic behavior and 
use a wide variety of inomganic and organic ma- 
terials, including WO,, NiO, IO, V30s. and 
others (24). Despite the cost, active glazing is a 
promising field that coukl lead to effective 
solutions for low-energy buildings. For exam- 
ple, recent work has resulted in the development 
‘of misterals that demonstrate a continuously 
tunable refractive index by varying the use of 
metal oxide nanoparticles (25). Switchable mir- 
rors using transition-metal hydride electrochro- 
mies ae also being developed. and a number of 
thermochromic lass laminates may contribute 
to the production of glazing systems that reject 
unwanted solar heat gain while maximizing 
daylighting. 

Finally, self-cleaning materials have been 
developed using biomimetic micro- and nano- 
textured surfices that mimic the behavior of sev- 


«ral hydrophobic plant leaves, notably Nelumba 
mucifera (lotus) and Colocasia esculenta. One 
‘example uses micro- and nanopatterned surfaces 
of PMMA (26). Other examples of anificial 
biomimetic roughness-induced hydrophobic sur- 
faces have shown that a combination of surface 
coating and roughness determines the level of 
Water repellence and thus the self-cleaning ca- 
pacity of the material (27). 


Materials for Building Services 
Modern buiklings deliver carefully modulated 
amounts of heat, ar, artificial light, water (and 
sometimes humidity), telecommmunications and 
data, natural light, and other elements to their 
interior spaces. In addition, buildings evacuate 
wastes, including heat, stale ai, and liquid and 
solid. wastes, This system is analogous to life- 
support systems in vehicles of all kinds. Buikling 
services are intended to create a wellregulatod 
interior environment tailored to serve the needs 
‘of occupants in buildings ofall types. 

Desiceants that support the natural ventilation 
‘of buiklings and effectively function ata range of 
dew points and temperatures are needed. Many 
<dssiccants are commonly usad for low dew points 
in the range of S0° to $S°C, Passive humidity 
control materials for improving the mass and heat 
transfer of desiccant wheels would contribute to 
low-energy strategies such a natural ventilation 
and desiceant air conditioning. Porous ceramics 
are particularly attractive in these applications. 
Also of interest are materials with high thermal 
mass, including phase change materials (PC! 
for use in radiant heating and cooling. These 
materials—salt hydrates (such as CaCh-6H;0 
and LiNOy 3H1,0) and paraffin waxes —use their 
phase transition to store energy over a diumal 
cycle (28). 

‘As electricity consumption increases, har- 
vesting energy from solar radiation isan 
important research area. Silicon-based photovol- 
taics (PVs) account for more than 9% of 
production. Single-crystal and amomphous cells 
fon the market account for an average efficiency 
of 12.5% (29), Altemative materials, including 
CulnSep and Cae cells with efficiencies of 20% 
and organic cells, are providing some novel re- 
search pathways. Recently developed PV devices 
use TiO: nanorods together withthe conjugated 
polymer MEH-PPV (poly[2-methoxy-5- 
ethyb-hexyloxy}-1.4-phenylene vinylene) (30) or 
use silicon and silicon dioxide to produce quan- 
‘tum dots that absorb a wide range of light wave- 
lengths (37). 

Inthe United States, about 8% of total eneny 
and 20% of electical energy is consumed in 

fing. OF the later, 42% is consumed 
by incandescent bulbs, a technology that 
‘produces light indirectly from a heated filament. 
‘Solid-state lighting (SSL), the direct conversion 
of electricity into light with semiconductor 
materials, is an extremely promising field of 
research to naduce this enengy consumption. The 
challenge will be to produce bright white light 
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emission at high efficiencies and low cost. 
Currently, the cost of SSL devices for architee- 
tural lighting exceeds a competitive level by 
multiples of 10 10 100 (32). 

‘The materials science challenge for SSL is 
primarily in basic research; understanding the 
behavior and contro! of light production fom 
light-emitting diodes (LEDs) and organic LEDs 
(OLEDS), discovering alternative luminescent 
materials, developing optimal material system 
and device architectures, and maximizing the 
extraction of ight from all SSL devices (Fig. 3), 
‘Today, three- and four-component inorganic ma- 
terials of aluminum indium gallium phosphide or 
nitride (AllnGaP or AlinGaN) are most efficient, 
However, there remain many material combina 
tions that have not been tested and may produce 
sz00d results. Onganic materials of carbon solids 
have been used for thin-film architecture SSLs, 
including polymer LEDs (PLEDs), and com 
bined inorganic and organic materials promise 
wal breakthroughs in performance, Currently, 
industry attention is focused on the application of 
OLEDS in flat-panel displays because substantial 
obstackes, such as short service life and high c 
prevent the widespread use of OLEDs in general 
hting applications (33), 


Materials for Interior Construction 


Interior construction is primarily meant 10 de- 
lincate interior spaces and to provide privacy 
through acoustic and visual separation. Research 
in materials that improve the interior environ- 
‘ment may contribute to the health effects of our 
buildings. Recent work in this area has yielded 
both virucidal and bactericidal surface coat- 
ings. The virucidal coating consists of methyl- 
polyethylenimines (PEs) and other hydrophobi 
PEI derivatives (34). A bactericidal coating is 
titanium dioxide exposed 10 near-ultraviolet 
fight (35). More work in this field to develop 
coatings that effectively eliminate mold and 

1 greatly improve indoor ait 
quality in buildings, especially those in humid 
climates. 


‘ANew Era of Material Innovations for Buildings 
Recently a new building, the Dives in Misericondia 
Church in Rome, seemed to be reducing the con- 
centration of urban pollutants in its immediate 
‘vicinity (36). Upon investigation, it was disco- 
‘ered that the titanium dioxide costing on the 
large concrete walls of the church was reacting 
\with nitrogen oxide pollutants in a photocatalytic 
reaction, resulting in a decrease of pollutants in 
the area, Although the TiO, was originally spec- 
iffed for its visual qualities and self-cleaning 
properties, its effect on local pollutants was a 
suprise to the architects and engineers of the 
building. Further escarch is noeded to determine 
efficacy and real benefits, but proposals are 
already surfacing for the use of photocatalytic 
coatings in sidewalks and roads to neutralize the 
concentration of pollutants found in dense urban 
conditions, 
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Fig. 3. A polymer microlens array, each lens 
about 5 jum in diameter and printed on an OLED 
substrate, extracts 70% more light than a typical 
‘white-light OLED. [Photo courtesy of Steve Forrest, 
University of tichigan) 


Alo, a ‘material —polyam 
Jon-—has emerged in applications as a “smart” 
Vapor barrier in exterior envelopes. Its water 
‘vapor permeability inereases by a fictor of 10 in 
conditions of very high humidity, This is 
particularly usefil when moisture is trapped 

side a wall assembly. The vapor barrier 
becomes more penneable and allows: moisture 
to escape, reducing the risk of corrosion, rot, and 
the growth of mold and mildew. Although nylon 


was discovered in 1931, its properties as a vapor 
barrier wore not described until 1999, and it was 
recently commercialized for this purpose (37). 
Both of these examples illustrate opport 
ties that arise fom addressing the needs of the 
built environment with materials science and 


ering. The first resulted from an unintended 
conseque usthetic choice, the second 
om an overlooked property of a common ma- 
terial, Both examples raise the question of why 
‘our built environment has been so resistant 10 
change when new materials may ofer better per= 
formance and more satisfying aesthetic results. 
The introduction of unfamiliar materials. in 


buildings is difficult because of life safety 
concems, fist-cost constraints, and the reluctance 
of builders to adopt new practices in the field. In 
addition, the very long life of buildings that serve 
as host to unproven materials compounds the risk 
of legal exposure forall involved, fiom rescarch- 
crs to builders. However, itis likely that latent 
‘opportunities for achieving a substantially im- 
proved built environment await the attention of 
building experts and the materials science com 
munity united in common research goals. 
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Scleractinian Coral Species Survive 
and Recover from Decalcification 


Maoz Fine™?* and Dan Tchernov?? 


nereasing global concentrations of atmo- 
Tors Seer cs 

drolysis of COs in seawater, ultimately 
decreasing seawater pl (1). This ba 


caused the pH of modem surface waters (8.0 10 
8.3) to be about 0.1 pH unit less than in pre 


already 


industrial times, and geochemical models have 
estimated further acidification of up to 1.4 pil 
Units over the next 300 years (/), 

Increased atmospheric CO, also reduces car 
bonate jon concentrations in seawater, which 
wes the saturation of aragonite (S2-an 


deen 


aphy (2). Reef com 
gis 3.1 to 4,1, but 


il reef biogeo 
munities thrive where Q: 
under CO» doubling 
below 3.0, Experiments have shown that COs 
doubling results in reduced coral cake 
(by 44 to 80%) (3). A concem has by 

(4) that low Qa 
chemical dissolution might shift the balance 


rag is projected to drop 


0 raised 
values and increased 


from net accumulation at present to net loss 


have been periods with unfavorable condi 
for calcification, characterized by absence of 
fossilized coral (reef gaps)(5). The phy! 


zeny of 
recent corals suggests, however, their of 
the pre-Permian extinction (6) These contra 
dicting facts led to the hypothesis that corals 
ns of altemating between soft bodies 
ms (5, 7. 8), but this has never 
boon tested. We therefore examined the ability of 
ve acidic condi 


have am 


seleractinian corals 10 su 
Thirty coral fr 


mts from five coral « 
jan Mediterrancan species 
) (Fig. 1A) and 
Madracis pharencis (bulbous) were subjected 10 


nies of the scle 
Oculina pata 


mica (enerustin 


pil valucs of 23 to mbient) 
for 12 months. The corals were maintained in ant 
of flow-through system under ambient 


Mediterranean se 
30°C) and ph 


water temperatures (17° 10 
Noperiod (intensity of 250 vmol 


Feb 0S Aor Jin Avg Oc Duc Feboo 


Fig. 1. Photographs of 0. patagonica. Scale bars indicate 2 mm. (A) Control colony. (B) Sea anemone 
Like coral polyps following skeleton dissolution in low-pH conditions. (C) Solitary polyps reforming a 
colony and calcifying after being transferred back to normal seawater following 12 months as soft- 
bodied polypsin low-pH conditions. (D) Time series illustrating percent change average = SE) in protein 


peer polyp (biomass) and total buoyant weight over 12 months in experimental (I 
20). A two-way analysis of variance (time x pH) revealed significant changes 


(pH = 8.2) seawater ( 
(P <0,001) between treatments over time. 
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7.4) and control 


photons m? 8). Afier 1 month in acidic 
conditions, morphological ch 
initially polyp elongation (Fig. 1B), followed by 
dissociation of the colony form and complete 
skeleto Surprisingly, the polyps 
remained attached to the undissolved hard rocky 
substrate (Fig. 1C), 
The biomass of the solitary polyps under 
dic conditions was three 8 high as the 
biomass of polyps in the control colonies that 
continued to calcify and grow, Control and treat 
ment fra imtained their algal sym. 
bionts during the entire experiment, except for 
six fragments (10%) of OL prutagonica that 
pranially lost their symbionts (bleached) during 
July but recovered within 2 months. Gameto- 
mnd experimental corals 
developed similarly during spring and summer 
months, 

All skeleton-fiee coral fagments survived 10 
the end of the experiment. After 12 months, 
\when transferred back to ambient pH conditions, 
the experimental soft-bodied polyps calcified 
sd colonies (Fig. 1D), 1 


dissolution. 


enesis. in control 


and re nce, in the 
absence of conditions supporting skeleton builk- 
ing, both spe 


as skeleton-less ccoph 


maintained basic life functions 
This thas far 


notypes, 
implications for better understanding 


environmental chang. 
the following century 


Physiological, versus geographical, refiygia 
may provide a broader explanation for the exis 
times of stress. It is im 


tence of corals durin, 
portant to note that although survival as soft 
bodies allows corals to persist, substantial de 


aification of reefs will aor changes 10 
the structure and function of coral reef ecosys 
tems and the services they provide to hun 
society 
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Floral Gigantism in Rafflesiaceae 


Charles C. Davis,** Maribeth Latvis,* Daniel L. Nickrent,? Kenneth J. Wurdack,” David A. Baum’ 


the RatMesiaceae are leailess, stemess, 
| and rootless nonphotosynthetic parasites 
that live embedded in host plants (/). 
With flowers measuring up to a meter in di- 
ameter and weighing up to 7 kg, RafMlesiaceae 
sensu stricto {Supporting Online Material (SOM) 
text] possess the largest flowers of all angio- 
sperms, Like other holoparasitic angiosperms, 
the phylogenetic affinities of RaMMesiaceae have 
proved difticult to resolve because of their re- 
duced vegetative morpholog, 
reproductive structures (1), and anomelous and 
‘oflen accelerated molecular evolution, particu 
larly in plastid (ep) DNA (2-6), 


pnt 


Fig. 1. Phylogeny of Euphorbiaceae including 
Rafflesiaceae (bold)] based on a temporally 
‘calibrated ML tree (see SOM text for details and 
fig. $1 for full tree). ML BS and BPP, respectively, 
‘are provided. Support values = 50%/0.50 are 
designated with asterisks, Flower sie diameters (in 
mm) are provided (right, and ancestral flower size 
estimates are indicated at the stem and crown 
nodes of Rafflesiaceae. Reconstructions indicate a 
79-fold increase in floral diameter for stem lineage 
Rafflesiaceae (with a 95% confidence interval of 
74- to B3-fold). For additional ancestral size es- 
timates see SOM text. Color images with scale bars 
illustrate the approximate sizes of flowers repre- 
sentative of the three genera of Rafflesiaceae 
(Rafflesia arnoldi, Rhizanthes lowi, and Sopria 
hhimalayana), plus a representative of Euphorbia- 
ceae (Ditaxis neomexicana), the latter being 
similar in size to the inferred ancestral flowers at 
the stem node of Rafflesiaceae. 


By analysis of slowly evolving genes, 
especially from mitochondrial (mt) DNA, 
Ratllesiaceae were shown to be members of 
the Malpighiales (4-6), a diverse group of circa 
(ca) 16,000 species, with 29 major subclades 
[mostly recognized as families (7)}. However, 
the position of Rafflesiaceae within the order 
as unclear because of either insufficient taxon 
sampling (4, 6) oF a lack of phylogenetic signal 
(5). We used maximum likelihood (ML) and 
Bayesian inference (BI) to estimate the phy- 
logeny of Malpighiales from ca. 11,500 base 
Pairs of sequence data (sce SOM text for 
detailed information). Five mt genes (ccmB, 
‘cob, matR, nad6 and rps3) and one ep gene 
[atk (8)] were sampled from 111 accessions 
Fepresenting all families of Malpighiales (7) 
and 22 outgroup species, including Rafflesis- 
ceac’s obligate host, Tetrastigma (Vitaceae), 
Nuclear (nr) small-and large-subunitribosom 
al DNA regions were also included fora subset 
of 40 taxa. Examination of ML bootstrap 
scores (BS) and Bayesian posterior probabil- 
itics (BPP) in the individual analyses of the 
cight gene regions revealed no significant 
topological discord, and thus the data were 
concatenated and analyzed in combination, 

Both the ML and BI analyses showed that 
RatMlesiaceae are nested within Euphorbiaceae 
(Fig. 1). Strong support was found for both the 
Ralllesiaceae plus Euphorbiaceae clade (BS 
‘94% and BPP 1,0)and the elade that includes 
RaMlesiaceae and all Euphorbiaceae except 
Pera, Clutia, and Pogonophora (BS = X7* 
and BPP = 0.99), 

The phylogenetic association of RafMlesiaces 
and Euphorbiaceae is robust and not attr 
utable to phylogenetic artifacts (9. Although 
the morphology of RafMlesiaceae prevents iden- 
tification of unambiguous synapomorphics, 
some reproductive traits (/0) are consistent 
with a placement of RafMesiaceae within 
Euphorbiaceae 

We conducted a quantitative analysis of 
floral size evolution in the context of the esti 
mated phylogeny (SOM text), Flower sizes were 
determined from the fiterature and herbarium 
data. A likelibood ratio test (1) rejects: the 
hypothesis that there was a single rate of flower 
size evolution in the entire Euphorbiaceac- 
plus-Rafflesiaceae clade. Instead, the optimal 
model assizns one rate to all Euphorbiaceae 
lineages and crown-group Rafflesiaceae but a 
different, higher rate 10 the stem lineage of 
Rafllesiaceae. This demonstrates that Noral 
gigantism evolved principally along the stem 
lineage of Rafflesiaceac, whereas subsequent 
flower-size evolution within crown group Raf- 
fesiaceae reverted to the original cuphorbiaceous 


rate. Flower size evolved about 91 times 
faster along the stem lineage than in the rest 
of the phylogeny. By using Brownie (/2), we 
mated flower diameter to have inereased 
from 2.4 [confidence interval (Cl) of 1.1 to 
5.3 mm] to 189.1 mm (CLof 91.2 t0 3922 mm) 
along the stem lineage of RaMMesiaceae (Fig. 1 
and SOM text): ca, 79-fold inerease in size in 
period of ca. 46 million years (Fig. 1). Thus, 
a placement of giant-flowered RafMesiaceae 
within Euphorbiaceae, whose flowers ane near- 
ly all tiny, only increases the evolution 
enigma of “the greatest prodigy of the vegetable 
world” (13), 
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Seismostratigraphy and Thermal 
Structure of Earth’s Core-Mantle 


Boundary Region 


R. D. van der Hilst,"* M. V. de Hoop,” P. Wang,” S.-H. Shim,* P. Ma,? L. Tenorio* 


We used three-dimensional inverse scattering of core-eflected shear waves for large-scale, 
high-resolution exploration of Earth's deep interior (D”? and detected multiple, piecewise continuous 
interfaces in the lowermost layer (D”) beneath Central and North America. With thermodynamic 
properties of phase transitions in mantle silicates, we interpret the images and estimate in 

situ temperatures. A widespread wave-speed increase at 150 to 300 kilometers above the core- 
mantle boundary is consistent with a transition from perovskite to postperovskte. Internal 

” stratification may be due to multiple phase-boundary crossings, and a deep wave-speed 
reduction may mark the base of a postperovskte lens about 2300 kilometers wide and 

250 kilometers thick. The core-mantle boundary temperature is estimated at 3950 + 200 kelvin 
Beneath Central America, a site of deep subduction, the D” is relatively cold (AT = 700 = 

100 kelvin). Accounting for a factor-of-two uncertainty in thermal conductivity, core heat flux is 
80 to 160 milliwatts per square meter (mW m”*) into the coldest D” region and 35 to 70 mW m= 
away from it. Combined with estimates from the central Pacific, this suggests a global average of 
50 to 100 mW m™* and a total heat loss of 7.5 to 15 terawatts 


8 th of -2800 km, the cree 
Awe (CMB) scart tubule 
flow of uid metals the eter core 


fiom slowly convecting, highly viscous mantle 
200-0 300-km-thick thermo 
the manile side 

(1,2), bata 
recently discovered phase transition from pero 
skite (pv) to postperouskite (ppv) in (Mg, Fe)SiOy 
(5-5) begins to explain seismologically observed 
compkenity [et (0). Ifthe ppv transition occurs, 


silicates, The 
chemical boundary layer 
the so-called D” layer 


Fig. 1. (A) in the mantle, A 
tomiography depicts smooth 

‘Pavave speed variations (45) 
associated with deep sub 
duction (blue structure in 
center of section) beneath 
Central America; inverse 
scattering constrains deep 
mantle reflections in the 
lowermost 400 km. Super- 
imposed on the tomography 
scattering image are sche- 
matic ray paths of SS waves 
reflecting at and above the 
OMB: a depts specular CMB 
reflections, which contribute 


to the main ScS arrival in the seismogram shown, b depicts scattering above the CMB, which 
produces precursors, and c depicts nonspecula reflections (at CMB or above t) which arrive mainly 
in the coda of Sc5 (we consider precritca reflections only. (B) Geographic map of the study region 
with bounce points ofthe ~80,000 Sc5 data points (specular CMB reflections) used in our inverse 
scattering study (17) (black dots), along with the fines of cross section for the 2D images shown in 


‘one can, in principle, estimate in situ variations in 
temperature from the pressure-tanperature depen: 
dence (that is, the Clapeyron slope) and the scis 
mologically inferred location of the 
imterface (7), Steep (conductive) thermal gradients 
in D” can produce multiple crossings of the phase 
boundary, and identifica 


associated 


on of associate sci 


als offers new opportunities for constraining 
(local) cone heat Muy (8, 9 
Seismic (transmission) 


‘cates smooth changes in wave speed associated 


latitude (°) 


Figs.2 and 3. At each yellow do, the generalized Radon transform (SOM Text SU) produces radial 
profiles of contrasts in elastic properties inset). The color does not scale with impedance contrast 
but with the reflection coefficient (14) (ble, R > 0; red, R < 0). Only structure outside the 75% 


confidence level (thin lines) is discussed here. 
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LA), but one must 
focus on the scattered wave field to image 


with mantle convection (F 


interfaces associated with transitions in min- 
eralogy or composition, Scattering of PAP 
the main P wave prop; through the 
core) in D", first recognized in the early 1970s, 
(70), has becn used to constrain stochastic 
models of deep 1 st, (11), but 
the most detailed and accurate constraints on D’ 


le structure [e 


structure to date have come from forward 
modeling of shear waves reflected at or near the 
CMB (/2, 13), This approach has its drawbacks, 
however. Fins, it requires prior knowledge about 


the target structure and often assumes relatively 
simple geometries, the uniqueness of which is 
not casily established. Second, it relies on signal 
associated with near- and posteritical incidence, 
Which limits radial resolution and the CMB 
regions that can be studied (/4), The small 
dist 


ee window can also reduce the available 
source-recciver azimuths, which ean degr 
in directions perpendicular 10 dominant 
supling (5), 

Stackin 
ceiver arrays can enhance weak signals and 


has begun to produce tantalizing images of D’ 
ication (9, 15, 16), However, most ap- 
plications still rely on nee 


critical data and 


require strict data selection and visual inspec 
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Large-Scale Deep Earth Exploration Seismology 
Systematic three-dimensional (3D) imaging of 
large D” regions becomes feasible if one ean 


(i) rely on fewer a priori assumptions, so that 
structures of unknown geometries can be de 
Use ellicient_ methods to 
extract, and interpret subtle signals in large 
volumes of broad-band waveforms available 
through modern data centers; (ii) use dats 
from more source-reveiver distances: and (iv) 
validate results by means other than labor 
intensive forward modeling. To achieve this, 
\we combine inverse scattering specifically. a 
yeneralized Radon transform (GRT) of the 
Wave field comprising core-reflected. shear 
waves (Se8) (SOM Text S1)-—with statist 
methods (SOM Text S2) to produce image 
D” structure and 1 estimate their uewertainty 
This approwch benefits from the superior 3D 
‘sampling afforded by narrow and wide-angle 
data (SOM Text $3) and requires few a priori 
assumptions about target structures and no 
Visual inspection of data 

For the source-receiver distances: consid 
ered, specular (mirror-like) refle 
terfitces above the CMB a 
Whereas nonspecular CMB reflections arrive 
after the main phase (Fig. 1A). The GRT uses 
data redundaney to identify coherent signal fron 
(single) scattering and localizes the causative 
strictures (/7), Statistical inference, a nonlinear 
process that replaces stacking, suppresses the 
effects of uiteven souree-eeeciver distribution, 
incorrect wave-speed models, and multiple 
scattering, andl yickls rigorous Bayesian confi- 
ence levels (/8). The latter is used as the initial 
tool for model validation, which allows routine 
analysis 
fe used ~80,000 broad-band (1 to 20 s) 
reconls of the SeS wave field for large-scale, 
high-resolution exploration of the D” beneath 
Central and North America (Fig. 1B) (SOM 
Text $3). The GRT maps data fom wide angles 
[epicentral distances between 43° and 80° (lig. 
53)] into multiple images of the same structure 
{as illustrated in fig. SI), which are then com- 
bined into a radial profile of medium contrasts 
at a specified CMB location (Fig. 1B, inset) 
These reflectivity profiles are aligned on the 
CMB and corrected for 3D mantle heterogencity 
inferred from global tomography (19), Juxtapo- 
sition of these midial profiles prxtuces 2D (or 
3D) images that reveal the lateral extent of 
medium contrasts and lowermost mantle strat- 
ification (fig. $2). Figure 2 clearly reveals the 
CMB bencath the Americas, but our subject is 
the rich pattern of scatterers and interfaces up to 
400 km above 


D” Structure and Temperature 


Figure 3 displays the GRT images (top) along 
with variations in S-wave speed, dlnt’s, derived 


from tomography (bottom). To emphasize the 
relations among them, we superimpose the 
strongest scatierers (at more than 75% confi- 
dence) on the wave-speed maps. We focus om 
the structures labeled L1, L2, and L3. 
Posiperowskite transition. Structure L1 de- 
Fineates an increase of wave speed with depth. 
In most places LI is unambiguous because the 


substantial fraction of the CMB peak (Fig. 1B, 
inset), depending on the angle at which LI is 
ssumpled (fig. $1), Our GRT results pertaining 10 
LI conoborate more localized previous studies 
of the main D” discontinuity beneath Central 
America [see table 1 in (/5)), but they also 
constrain structure far into previously uncharted 
territory. The depth variation of L1 correlates 


amplitude of the pulses that define it can be a 


ssrongly with changes in 


swave speed (20), If 


Fig. 2. Three-dimensional explora- 
tion seismology of the lowermost 
mantle, Setsmic images of the lwer- 
most mantle (CMB to 400 km above 
4 are produced by lateral juntapo- 
sition of radial general Radon 
transform profiles (fig. $2) calcu 
lated at image points along the 
section lines shown in Fig. 1. Struc: 
ture outside 75% confidence bands 
(18) includes the CMB (at 0. km) 
and several scatter interfaces above 
it. Thinly dashed lines indicate 
scatter interfaces (L1, 12) high- 
lighted in Fig. 3. This 30 rendition 
illustrates the large spatial scales 
‘over which inverse scattering with 
the ScS wave field can be used to 
‘explore the lonermost mantle. Points 
X1 and X2 indicate the section 
intersections. The background color depicts the prediction of the height above the CMB of a presumed 
phase transformation with  Clapeyron slope of 6 MPalK (21). In most of this region, the correlati 
between L1 and the predicted values is very good 
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Fig. 3. Reflectivity from inverse scattering, at more than 75% confidence (18) (top) and S-speed 
(inv) from tomography (19) (bottom). Scatter images are obtained by interpolation between GRT 
profiles (Fig. 1B, inset) calculated every 1° (~60 km at CMB) along sections A-A,, B-B', and C-C’ in Fig. 1. 
For the frequencies and incidence angles used, the radial resolution is ~10 km. The color scale for 
‘tomography is given between B-B' and CC. (A) L1, L2, and L3 label the scatter interfaces (thinly dashed). 
(B and C) The associated scatterers (visually enhanced) are superimposed on the tomography profiles, 
with dark gray depicting positive reflections and pink/red negative contrasts. Interface L1 aligns increases 
‘of wave speed with increasing depth; L2 detineates a decrease; (3 is more ambiguous but generally 
coincides with 2 wavespeed increase. Whereas L1 and L2 are piecewise continuous, 13 has an 
intermittent, en echelon appearance. The solid (dashed) blue tines in the bottom panels depict the phase 
transition location predicted by (21) (22). Points Al and AZ and points B1 to B4 on L1 and L2 are used for 
‘temperature calculations (Fig. 4). The gray scale below B-B’ depicts the lateral variation in temperature 
gradient along the CMB (for 7ppy= 10 MPa/K) estimated from (29). In the central portion ofthe section, 
<Tidz cannot be determined directly because the occurrence of the double crossing cannot be resolved. 
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the latter is (party) of thermal origin, the GRT 
images provide direct evidence for a widespread 
presence of a D” interface with a positive 
pressure-temperature relationship. 

Sidorin er ul. (21) postulated that a phase 
transition with Clapeyron slope y = 6 MPaK 
marks the top of D". A recent analysis (22) puts 
ty ~95 kin deeper (dashed 
blue fine, Fig. 3), but the original prediction 
(solid blue lines) is quite close to LI. The larger 
topography on the fatter suggests that y is more 
than 6 MPaK, which is consistent with 
estimates from mineral physics forthe ppw tran- 
n (7), oF that the actual wave-speed varia- 
tions ane lanzer than inferred tomographicaly. If 
indeed, interface L1 marks the ppv transition, 
‘we can estimate in sity mantle temperatures 
fiom its topography (Fig. 4). For aye ~ 10 
MPak"!, the temperatures at BI and B2 are 
200K) and ~2900 K, respectively and the dif 
rene between AL and A2 is ~600 K. 

On long wavelengths (1000 to 2000 km), the 
changes in temperature along LI reflect the 
shoaling of the phase boundary toward D* re 
gions where rhtively coo! slab debris ean be 
‘expected, Changes on a seale of ~450 kan relate 


10 the margins of these regions and to localized 
slow regions. Stceper topography is observed 
locally, for instance at ~800 km along section 
B-B’, which is close to a steplike jump pre- 
Viously attributed to fokling of subducted slaty 
(23), Seismic tomography (Fig. 1A) and the 
above temperature differences both support the 
presence of slab debris, and slab buckling is 
indoed likely to occur in this region (24), Draw- 
ing conclusions from isolated structures can be 
misleading. however, and partial reconstruction 
‘of muhiple scatter interfaces can produce am- 
biguity. Interface L1 aligns the strongest scat- 
terers and is consistent with (2/), but we cannot 
rule out that between 0 and 800 kim (in section 
B-B) it continues southeastwand_ with Tittle 
Topography and that the stronger structure at 
150 km represents interface L3 

Postpernvskite lens? The GRT images re- 
eal much structural complexity between the CMB 
and LI. the presumed top of D”. Particularly 
intriguing is a wave-speed reduction (producing 
the negative pulse, L2. in Fig, 1B, lower left) that 
delineates a lage-scale (-2300 km) concave-up 
interface in the lowermost 100 km or so of the 
mantle, Because of skke lobes of the CMB 
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Fig. 4. (A) Temperature (x axis) versus distance above CMB (y axis). Asa point of reference for producing 


absolute temperature and depth (pressure), we assume P 


24 GPa and Teer = 2500K, and we consider 


Clapeyron slopes Yppr = 6, 8, 10, and 12 MPa/K. If LI in Fig. 3 represents the ppv transition, the 
temperature at points B1 and 82 can be estimated 25 Yq = 10 MPAIK, Typenz = 2000 K, and Tyee sn = 
2900 K, Dotted lines depict estimated geotherms through 61 and B2; the shallow partis adiabatic, but 
toward the CMB the conductive geotherm is described as an error function (the change of adiabat to 
‘conductive s not known, however). (B) Cold, intermediate, and hot geotherms. As the mantle temperature 
decreases, a ppv transition occurs at increasing distances above CMB, and a second crossing would occur 
at decreasing height above CMB. The geotherm through the ppy transition (B3) and the back- 
transformation (B4) is calculated (29) using a thickness of the hypothetical boundary layer, H, of 150 km. 
(© Mantle temperature, Toys. at the CMB (dashed lines) and the temperature change, Tra, across the 


thermal boundary layer (solid lines) asa function of TBL thickness, H, and f0° Ypoy= 


10, and 12 MPa/K. 


‘Stable estimates are obtained for H = 100 to 200 km (gray shading). 
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reflection, L2 cannot be established between 
1000 and 2000 km along B-B’, but interfuces 
that dip toward the seismologically fast central 
region are resolved on cither side ofthis pate. In 
this region, (/5) reported a wave-speed decrease 
further above CMB and more parallel to the top 
D” interfac 

Published estimates of CMB. temperature 
Tanty Vaty from 3780 K 10 4800 K (25-27), and 
mast exceed Tyyy. The latter implies that ppv is 
instable near the CMB andl that there is a second 
crossing of the phase boundary, The back 
transition (pvp) oceurs deeper in colder re- 
sions (Fig. 4), thus eating ppv lenses beneath 
mantle downwellings (8, 16). This transition is 
hand to detect (28), but recent studies provide 
evidence for it in the lowermost mantle beneath 
the Pacific (9) and the Cocos plate (22) In our 
GRT profiles, the negative pulses ae statistically 
significant (Fig. 1 and fig. S2), and both the sign 
and the deepening toward regions of presum- 
ably Jower D” temperatures is consistent with 
POP The presence of L2 and the anticorne- 
[tod topographies of LI and L2 provide new 
evidence that ppwv-rich lenses do indeed exis, 
‘The ens beneath Central America has a width 
of ~2300 km and a thickness of ~250 km; Lt 
and L2 merge (near BI) ~125 km above the 
CMB (T= 2900 K; P= 128 GPa), Outside this 
Jens, the temperature may be too high for ppv to 
be table, excep perhaps, in regions of iron 
enrichment (9). 

Mantle temperature near CMB. Whereas 
the ppv transition constrains temperatures some 
150 to 300 km above the CMB, double 
crossings provide insight into the thermal 
sinicture closer to the core (8, 9, We know 
neither Tes for the thickness A and temper- 
ature change AF yu, across a thermal bexundary 
layer (TBL), but with reasonable assumptions 
‘we can estimate Tega and AT, by fittings emor 
functions 10 temperatures at LI and L2 as a 
function of H (29), H increases from colder to 
‘warmer D" regions. If the CMB is isothemmal, 
and not arbitrarily hot, we obtain stable esti- 
mates of Tons aed AT yy. for H such that the 
pv transition (e.., at B3) occurs above oF near 
the top of the TBL and the back transition (ext. 
at BA) occurs well within i. For H = 100 10 200 
mand Yype = 1OMPaIK, we infer Tent 
200 K and ATrm. = 1600 10 1400 K ( 
‘These values depend on the Clapey 
in particular, on the phase-boundary temperature 
at the CMB: we estimate that Tenis = Typven * 
200 K. Our Tox is ower than, but within error 
‘consistent with, the estimate of 4100 K in (9). 

Despite lange uncertainties, Toys constrains 
the meking curve of iron in the liquid core be- 
‘cause the temperature just below the CMB must 
exceal the melting temperature of core mate- 
rials. Experimental and computational estimates 
of the meting point of pure Fe at CMB pres- 
sures spain a range fiom 3200 * 200 K (30) 10 
4800 + 200 K (31), Minor elements ean reduce 
this by as much as 700 10 1000 K. (27), but 
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experiments reveal that for oxygen and sulfur 
the effect is small (32). If Tans = 3950 = 200 K, 
the melting point in (37) may thus be too high. 

Core heat fluc. To estimate heat flux, we 
need to know thermal conductivity x and the 
temperature gradient dTid= across the TBL. A 
lower bound on the latter is given by Yppy ! (8% 
{ot Yypy =7 10 10 MPA, this implies 47g = 
5.8 10 8.3 K/km, The gradient must be steeper 
than Yppy "Hora double crossing to occur. Our 
temperature estimates imply gradients of 7 to 
16 K/km (Fig. 3B) 

Even if we assume that these gradients are 
reasonably accurate, the regional and, in partic~ 
ular, global heat fu remains subject to consid- 
erable uncertainty, Firs, the region where dT'dz 
‘can be estimated does not span a diverse geo 
dynamical environment, We consider the steep 
‘gradients as representative of cokd D” areas. Our 
study region does not include large-scale low 
wavesspeed regions, where higher mantle tem- 
peratures and lower gradients are expected. 
We could speculate that our regional minimum 
(7 Kiki) is close to the global average, but 
this would be a lower bound ifthe anomalously 
ow wave speeds are (in part) due to chemistry 
[cg.. (33)], Lay et al. (9) consider eflects 0 
iron and estimate the thermal gradient beneath 
the central Pacific at 8.8 = 2.5 Kiki. 

Second, the value of thermal conductivity is 
debated. The often-sed x = 10 Win 'K (23) 
\would imply a regional variation in heat Mux 
Gand OF 11S © 43 mWinv 2, compared with 88 + 
25 mW’ below the Pacific (9). If one assumes 
that these regional values represent extremes, 3 
reasonable average Mux Would be dams = 100 
mW? (corresponding to a global heat loss 
across the CMB of ~15 TW). However, may 
be as small as $ Win K™! (34, 35). Depending 
‘on the amount of radiative conduction, the €on- 
ductive component to the heat loss. across the 
CMB jis thus uncertain by (at feast) a factor of 
100 (Qeuss= 7.5 to 1S TW). Its likely, however, 
that the flux into the base of the mantle exceeds 
the heat conducted down the core adiabat. which 
has implications for models of thermal core- 
mantle coupling. core evolution, and the distri 
bution of heat producing elements (346, 37), 

Other D" interfa 
‘graphical region studied here, the 
suggest the presence of scatterers (L3 in Fig. 3) 
some 100 km below the presumed top of the 
D”, Further study is required to establish 
\whether itis the partial detection of a continuous 
interface (or multiple interfaces) of whether it 


represents a depth ringe with intermittent, en 
echelon scatter zones. The 


ign of change in 


ive changes may both occur, 
but variations in S-wave speed in this depth in- 
terval suggest the preponderance of radial in- 
creases in wave speed. 

Slab folding (/6, 24), along with preserved 
‘compositional heterogeneities, can perhaps pro- 


vide the complexity detected here. Altematively, 
local changes in temperature or chemical com- 
Position [ein iron content (38) or partitioning 
between py and magnesiowdstite (39)} can 
readily create multiple crossings of the phase 
boundary, Akemating, imegular ppy and pw 
lenses (or layers) may be more realistic than a 
single ppv lens (40) and can explain some of the 
multiple, but intermittent, scatter interfaces. This 
calls for further investigation by means of joint 
imaging and geodynamical and petrological 
model 


New Opportunities for Deep-Earth Imaging 
‘The results presented here should be regarded 
as first steps, but they show the potential of 
using inverse scattering techniques originally 
developed to search for hydrocarbon reser- 
Yoirs for the systematic, high resolution 
investigation of the lowermost mantle over 
large regions, including hitherto uncharted 
D” territory. Application to Central America 
allows verification against previous results, 
‘but similar high-resolution D” imaging should 
bbe possible elsewhere, for instance, beneath 
large parts of Eurasia. As we suppose was the 
ase when scismologists pondered over the 
first reflection profiles of Earth’s crust, image 
quality is not as good everywhere as one would 
Wish, and even first-order observations can be 
puzzling. However, we expect that refinement 
‘of inverse scattering. accounting for increas- 
ingly many complexities and using exponen- 
tially growing data sets will remove existing 
ambiguities and provide insight into the struc- 
ture, dynamics, and evolution of this remote 
frontier of cross-disciplinary research. 
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Computational Design of Peptides That 
Target Transmembrane Helices 


Hang Yin," Joanna S, Slusky, 


Bryan W. Berger,” Robin S. Walters, 


Gaston Vilaire,? Rustem |, Litvinov,” James D. Lear,* Gregory A. Caputo, 


Joel S. Bennett,? William F. DeGrado™t 


A variety of methods exist for the design of selection of antibodies and other proteins that 
recognize the water-soluble regions of proteins; however, companion methods for targeting 


transmembrane (TM) regions are not a 


lable. Here, we describe 2 method for the computational 


design of peptides that target TM helices in a sequence-specific manner. To illustrate the method, 
peptides were designed that specifically recognize the TM helices of two closely related integrins 
cunts and cya) in micelles, bacterial membranes, and mammalian cells. These data show 


that sequence-specific recognit 


n of helices in TM proteins can be achieved through optimization 


Of the geometric complementarity of the target-host complex. 


ansmembrane (TM) helices play essential 
| oles in biological processes, including 
ignal transduction, ion transmission, and 
membrane-protein fokling. Computational (4) 
and genetic methods (5, 6) are available 10 
‘engineer antibody-like molecules that target the 
\water-soluble regions of proteins: however, com 
ppanion methods to target the TM regions are 
lacking. The design of TM helices that specifi 
cally recognize membrane proteins wouk! ade 
vance oUF understanding of sequence-specitic 
recognition in membranes and simultaneously 
would provide new approaches to modulate 
protein-protein interactions in membranes. Here 
wwe describe computational approach, desig- 
nated computed helical anti-membrane protein 
(CHAMP), to design peptides that specifically 
recognize the TM helices of natural proteins (7). 
Computational design. The design of a 
CHAMP peptide requires the selection of back- 
bone geometry for the CHAMP peptige-tanget 
‘complex, followed by computational selection of 
the CHAMP peptide’s amino acid sequence with 
‘side-chain packing algorithm. To simplify the 
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selection of the backbone geometry, we used the 
growing database of membranc-protein struc- 
tures, rather than relying on idealized helical 
dimers. The majority of the TM helix-helix pairs 
in TM proteins of known structure fall into a 
handful of well-defined structural motifs with 
recognizable sequence signatures (4). Thus, itis 
‘possible to predict a preferred mexk of interaction 
‘between a tanget TM helix and other TM betices 
from the amino acid sequence alone. Once a 
preferred mode of interaction has been identified, 
‘examples of helix pairs from proteins of known 
structure can be used as backbone conformations 
forthe design of a desired CHAMP peptide. The 
next steps are (i) to thread the sequence of the 
targeted TM helix onto one of the two helices of 
the selected pair and (i) 10 select the amino acid 
sequence of the CHAMP helix with a side-chain 
repacking algorithm (1-4. 9. 

‘As a stringent test of the CHAMP method, 
we focused on the recognition of the TM 
domains of two closely related and extensively 
studied platelet integrins, caps and af as 
‘convenient biologically important tats (/0- 12). 
Both the dup and «ly TM helices contain a. small- 

small motif, in which G (3) or other small 
residues (A and S) are spaced four residucs apart 
(4 ig. 1, B and ©. This sequence motif is 
associated with a high propensity to interact in a 
tighily packed “paral GASpgye motif” (8) with 
a right-handed helical crossing angle of ~ 40° 
Indcod, site-directed mutagenesis (15-17) and 
studies (15, 17, 18) suguest that the my, 
TM helix binds the fly TM helix with this 
geometry 


Five template backbones were tested 
dcsign of a CHAMP peptide directed against 
Aig. and 1S were tested for ty. The sequences of 
‘uy and cry were threaded onto cither of the two 
helices in cach template, yielding two different 
CHAMP peptides per template. A sequence for 
the opposing CHAMP helix. was then selected 
with a Monte Carlo repwicking algorithin that 
considers different combinations o sik 
in low-energy rotamers (/-4, 9) [see Support- 
ing Online Material (SOM)]. The 1 
states of the side chains in the tar 
owed to vary, as were both the sequence and 
rotamers of the CHAMP side chains, A simple 
nergy function that is based on a. linearly 
dampened Lennard-Jones potential and a mem- 
‘brane depth- dependent knowledge-based poten 
tial (19) was then used to select the desired 
residues. This knowledge-based potential as- 
sured that residues with high propensities to 
‘occupy the interfacial and fatty acyl region of 
the bilayer were selected at appropriate posi- 
tions. The membrane-expased residues of the 
CHAMP helix were then randomly selected 
with a 60% probability of assigning Land a 
10% probability of assigning A. 1, FoF V. 

The TM domains of ay and dy ate highly 
homologous (Fig. 1, Band C), and they both 
have small-Xy-sinall motifs, Because a number 
‘of other integrin TM hetices also contain a small 
Xs-smull motif, a specific CHAMP peptide must 
recognize not only this global feature ofits tanget, 
but also more fine-grained differences in surface 
topography. In the comput! complexes with the 
lowest ener, the CHAMP sequen 
against cy and cy both have G 
that create a shallow concavity that és important 
for recognizing the small-X;-small sequence on 
the integrin helices. However, the surrounding 
sequences difler in response to differences in the 
sequences of the target (Fig. 1, B and C), thereby 
providing specificity 

A CHAMP peptide with extensive geomet- 
ric complementarity to its tanget (Fig. 1D and 
fig. S1) was selected based on it 
the uniformity of packing of the 
the CHAMP4arget interface, and the case of 
synthesis. [Peptides with mubtiple strings of 
Bebranched amino acids and sequences with 
particularly high predictions for amyloid (20) 
‘were avoided.| The templates for the CHAMP 
peptide-tanget complexes were taken from poly- 
topic proteins with no funetional or structural 
relation to integrins, the CHAMP. peptide 
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against 1, (anti-a,) was taken from the glycerol- 
3-phosphate transporter (1 PW4, residues AG to 
A86 and AI2L to A141) (21), and antisay, was 


A 


taken from the photosystem I reaction center 
(UIBO, residues L43 10 L653 and L114 to L140) 
(22), The designed peptides and their TM 


Fig. 1, (A) Design of CHAMP peptides. A backbone geometry was selected for the CHAMP-target 
‘complex; for cys, the template was taken from two interacting helices in a much larger protein, the 
photosystem I reaction center (22). The original sequence was stripped off of the template, and the 
helices were extended to span the full length of a membrane. The sequence of cyu-TM was threaded 
‘onto the right heli. The 14 positions selected for repacking are pink on the left helix. The final ania, 
CHAMP peptide sequence is shown on the left helix with the repacked positions in pink. (B and C) 
Human integrin TM targets and TM helices from homologous human integrins used in specificity 
assays, The sequences (B) are modeled in an idealized hetical conformation (Q.. Common small (G, A, 
and 5) residues are highlighted in red, and a common L on the binding interface i shown in purple. 


(D) Close-up of the predicted tightly packed interface between antiiyy, and 


TM. Oye TM is 


represented by a red surface with a blue hot spot. The antixne backbone is depicted in ribbon 
representation, with key positions designated for computational design shown in green. (E) Sequences 
‘of CHAMP designs and the control peptides. The residues repacked in the antiyy and anti-ay 
peptides are shown in pink. (Lys), (23) or polyethylene glycol (24) was appended to the C and N 


termini as solubility-enhancing groups. 


targets (my-TM and y-TM) (see SOM) were 
synthesized with solubility-enkiancing groups ap- 
pended to the Cand N termini to facilitate mem- 
‘rane insertion (23, 24), Control peptides, in which 
the GXsG motifs were mutated (anti<tggsmut and 
anti-agmut) or scrambled (anti-cagscr), were also 
prepared 10 study the specificity of the designed 
sequences (Fig. IE). 

CHAMP binding in micelles. We used fhuores- 
‘cence resonance energy transfer (FRET) to eval- 
uate the association of anti-cyy, With yy-TM 
in micelles. The titration of 7-hydroxycoumarin 
tazgad antici asa FRET donor, with lucrescein- 
tagzed duy-TM as a FRET acceptor, resulted 
the quenching of the coumarin emission and the 
appearance of the fluoresecin emission, indicat- 
ing that the two peptides interacted (Fig. 2A), 
‘The apparent dissociation constant (Ka) for the 
(0qy-TM-anticiyy interaction. was computed 10 
be 0.32 = 0.05 WM. The corresponding Ky 
expressed as a mole fraction (peptide versus 
ierpent) is 3.2 = 0.5 = 10-4, which i relat 
tight when compared with the range of 10? (for 
‘weak associations) to 3 = 10° for very song 
associations (25), measured. for TM-peptide 
asociations in a similar micellar environment 
Titrations with control peptides showed the 
specificity of the interaction; there wa 
ligible binding between dyy-TM and either 
anti-angmut or d4-TM (Fig. 2B), Furthermo 
titrations with antic, showed that this peptide 
specifically recognized oty-TM (Kg 1.3 = 03 
10° as a mole fraction), but not dyy-TM or 
anti-cigmut (Fig. 2C). 

‘Analytical ultracentrifvgation of ant-ty and 
qy-TM, as Well as antic, and ay-TM in 
micelles, indicated that these peptides. formed 
hhomoditners, as well as heterodimerizing with 
their respective targets (fig. S2 and table S: 
Both CHAMP peptides heterodimerized_ with 


2. Affinity and selectivity of CHAMP peptides for their target TM helices, 
(A) Fluorescence emission scans of coumarin-abeled ant-vgg (64 nl) in the 
presence of different concentrations of fluorescein isothiocyanate (FITC 
tagged cy-TM in 10 mA 4-(2-hydroxyethy()-1-piperazineethanesulfonic acid 
(HEPES), pH= 7.5, containing 1.0 mM C14-betaine at 25°C. (Inset) Con- 
centrations as mole fractions, zy Was set at 415 nm to selectively excite the 
‘coumarin. hex excitation wavelength. (B) Corrected FRET signals of 64 nit 


FITC TM (uN) 


pH= 


FITC-a-TM (ust) 


coumarin-labeled anti-cgy red), anti (green), of anti-cymut (blue) in the 
presence of different concentrations of FTCtagged cigy-TM (10 mM HEPES, 
5, containing 1.0 mM C14-betaine at 25°O. Error bars represent SD 
‘of the mean. (C) Corrected FRET signals of 64 nMt coumarin-tabeled anti-cy 
(Green), ant-cie (red), or anti-zymut (orange) in the presence of different 
concentrations of FITCtagged «TM (10 mM HEPES, pH= 7.5, containing 
1.0 mM C14-betaine at 25°C). Error bars represent SD of the mean. 
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their targets at least as strongly as they homo- 
dimerized. This behavior is reminiscent of 
dominant-negative (DN) inhibitors of the helix- 
loop-helix. family of transcription regulators, 
which engage in both bomomerie and hetero- 
meric interactions (26), 

Dominant-negative TOXCAT. We next eval- 
uated both the aft specilicity of the 
CHAMP peptides for their targets when eoex- 
pressed in bacterial membranes with a DN- 
*TOXCAT” assay (Fig, 3). In TOXCAT, a TM 
sequence of interest is fused to a ToxR protein 
(TM-ToxR) that binds to the ctv promoter as 3 
dimer, which induces expression of chloram- 
phenicol acetyltransferase (CAT) (27, 28), In 
the DN assay, the TM1-TexR fusion protein 
is coexpressed with a second fusion protein 
(TM2-ToxR*) containing a nonfunctional mu- 
tant of the ToxR domain, TM-driven dimeriza- 
tion Ieads to a ToxR-ToxR® dimer that is 
tunable to bind the et promoter oF to induce 
CAT synthesis (Fig. 3A). The resulting de- 
crease in CAT activity can be used t0 monitor 
the formation of a heterodimeric TM complex. 
{In principle, this assay could be accomplished 
by adding. an 29%, 
however, itis difficult to assure that differen 
Peptides will be similarly inserted into the 
Escherichia colt immer membrane 

The antici and anti-ay peptides both 
ed homodimers. in bacterial membranes 
(Fig. 3B) with a similar to that of the 
TM domain of glycophorin A (Gp). which 
ms tight homodimers. in this environment 
27, 28), The CAT signal for the antitig,- ToxR 
Sockiuct Wares by eoompession of 
Antiayy ToxR® (Fig, 3B), validating the DN 
assay. When dy was used as the DN’ partner, 
the signal from anti-qyy, ToxR. was also strongly 
attenuated, indicative of heterodimer formation 
The magnitude of the decrease in CAT signal 
due to heterodimerization of antistay with cin 
TM is panicularly notable. The homodimeriza- 
tion of anti-gy a (27, 28) are simi in 
affinity (Fig, 3B, first versus third bar). Thus, 
because the attenuation of the CAT signal in the 
DN-TOXCAT assay for an 
hon 
TM heterodimer (Fi 
the heterodimeric T 


complex antisis-Cin has 
to that of the antisamy, 
homodimer and therefore also w the GpA. 
homodimer. 

‘The TOXCAT assay also shows that anti-tnys 
and anti-ay are highly specific for their targets 
‘versus other integrin TM domains, The TM do- 
mains of a. dy. By. OF By fled to significantly 
imteract with anti-ayy. despite their high se 
quence and structural similarity to the dy, TM 
(Fig. 1, B and C), Similarly, anti-c, selectively 
recognized the a, TM domain with much greater 
affinity than the dp, Cay By. oF Bs domains. 

To probe whether anti-ag, recognized its 
target in the intended manner, we measured the 
ect of mutating residues in anti-agy TM 10 
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Fig. 3. Specificty of CHAMP 
sequences in recognizing = 
different integrin TM regions +a = + B+ 
ina bacterial membrane. (AY 
nding protei as 


ArSyntnese NoCATSyecess 


e 


CAT Synthenin (0.0408 rm) 
Qe ¢ 


(B) Effect on CAT expression 
different integrin TM do- 
mains. The CAT expression P 
correlates with the homodi- 
merization level ofthe ToxR, 
receptor fused with anti-iyy, 

or anti-a,. Error bars repre 1 

sent SD of the mean. (C) il i| 
dimerization with cy, Black ° 

bars represent V substitu- ma CP GIP Gof OPT SO 
tions, and gray bars repre- * 

‘sent A substitutions. Mutations C 

to key residues are high- 

lighted according to their 

buried surface area upon 

75% buried (orange), and 

-<50% buried (green), The 

percent disruption of het- 

erodimeration creates i 

with the predicted amount ° 

of area buried upon dimer- FIP LPL SPF HS 
iation, indicating that the 


of disabled ToxR” fused with oe woe 
the CHAMP sequences or TM S—SS.s_ o_o 

Elec of mutations in the 

Anti sequence on hetero- 

dimerization (see SOM): 

>75% buried (red), 50 to 

antivin, CHAMP peptide recognizes cuy-TM, as in the designed complex. Ettr bars represent SD of 
the mean, 


Fig. 4. Ant 
has, and anti, activates 
‘ays in human platelets. (A) = 
‘Schematic diagram of integrin = 
regulation. Because the « 
and. § subunit TM domains 
interact when integrins are 
inactive, any process. that 


destablizes this interaction c 
would be expected to al- “ 
low dissociation of the TM. 

domains with concomitant al 
integrin activation. In plate 

lets, this occurs when the a 
platelets are stimulated by 

agonists such a5 ADP. CHAMP a 


peptides destabilize this inter- 
‘action by blocking the interac- 
tions between the TM helices vp 
of the cand 6 subunits. (B) 

Fibrinogen-mediated aggre- CABS. is 
‘ation of gel-filtered human 

platelets was measured in a turbidometric aggregometer after the addition of either 0.5 iM anticgy oF 
10 jM anti-a, To differentiate between a direct effect of anti-cy OM cys Versus ant-cyy-stimulated 
signal transduction, antiigs-induced platelet aggregation was also measured in the presence of 21M 
PGEx, 10 unitsiml apyrase, 1 mM RGDS, or 2.5 mM EDTA. (C) Platelet adhesion to the wells of 
microtiter plates coated with osteopontin was measured in the presence of 20 jiM ADP, 10 jM anti-y, 
The data shown are the mean and SEM of measurements made in triplicate. OD, 
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either V or A (Fig. 3C). Mutations to the res- 
idues predicted to occur at the helix-helix inter- 
ised disruption of heterodimer formation 
Very lange effects were observed for buried 
residues within a 10-residue stretch (residues. II 
to 20) spanning the primary interaction site, 
Whereas only minor effects were observed for 
residues on the non-interacting side of the helix 
‘or the more di and 24), 
the interaction fice resembles a 
‘Gly-zipper” (GXjGXyG) motif that has. e- 
tly been shown to mediate intermolecular 
hrelix-helix associations in membranes (30). 
Platelet aggregation and adhesion. To 
determine whether exogenously added CHAMP 
Peptides recognize their targets in mammalian 
cells, we first detemnined whether they were 
capable of inserting into phospholipid bilayers 
without perturbing the integrity of the m 
brane, The addition of anti oF ant 
phospholipid vesicles fed to a lange blue shift 
in the peptide’s W fluorescence spectrun 


free 


sites. (residues 


bound peptides were helical (fig. S4), and at- 
tenuated total reflectance- infrared spectroscopy 
revealed that they adopted a transmembrane 
‘orientation, with their helix perpendicular to the 
bilayer surface (fig. $3}. Moreover, anti-<ryy and 
anti-<t, did not Iyse human erythrocyte mem- 
branes at the concentrations that were used in 
the following assays (fig. $6). 
Pharmacological studies indicated that the 
CHAMP peptides interact with their targe 
ins in mammalian cells. The dy, and 
‘ayy integrins are heterodimers whose @ and fs 
subunits are composed of a lange extracellular 
domain, a TM helix, and a shor eytoplasnic 
domain. In the resting state, the TM helices of 
their @ and B subunits interact (15-18) (18), 
whereas they sep the integrins are 
activated by mutations or after treatment of cells, 
With pharmacological agonists. (/5-/8). Th 
the binding of a CHAMP peptide to the ap- 
propriate site on the TM helix of gy or 
should disrupt dimerization withthe by TM bel 


dieative of insertion into t thereby shifting the conformational <quilibriu 
of bilayers (fig. $3), Furthemno int 4A). 
chroism spectroscopy showed that the vesicle ndred fold ex- 
Fig. 5. Rupture fore A Fibrinogen B_ Osteopontin 
spectroscopy (laser weer 
ers) was used to measure anti-cltb > anti-ay 
the effect of antici and # * 
anti<1, on platelet (igh A 
and cy atthe level of, 
single molecules, The his- 
tograms represent the * 
distribution of mea- | 
sured rupture forces be- * A 
tween platelets and beads parent © Reon wren pn 
coated with (A) fitrino- ‘ 
gen, an cigyy ligand, oF antillb> ry 

csteopontin, an gis % sabeiximab + Xu735 
{igand, Rupture forces in 2 
(A) were measured in ' 
the presence of 0.5 uM x 
anti-igy, 0.5 IM antici, 
and the cys antago- 
nist abciximab, 0.5 uM 5-"yp a 60100 “ow oe ew 
anti-cigsct, and 10 ju Ripeure trees ‘Rept torcon, 
antic, Rupture forces in : 
(B) were measured in they ant-allser * anticrvmut 
Presence of 10 uth antiy 2 
10 jiM anti, and the 3, 
‘iy antagonist _XJ735, 
10 iM anticrymut, and , 
0.5 uM anticig, 

"om ow ee tte 
antiav 
* 
“O20 wo ew wo im “oe 2 no we wo 
span beep Reece wren a 
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cess over a4, Thus, a success antiay peptide 
‘must recognize its target in the presence of a large 
excess of aclosely related integrin, and the antici, 
peptide must bind its target without affecting 
‘minor population of a8 

The physiological role of mB is 10 ind 


ind, the plasma 
Anti-ayy, rapidly induced 
platelet aggregation (Fig. 4B) in a dose- 


dependent manner when added st concentrations 
fiom 75 nM to SOO nM (fig. $7). Anti<tyy 
induced aggregation was only minimally affected 


ndin Ey (PGE) 
ate (ADP) 


independent of platelet signal transduction or se- 
ereted ADP. Furthermore, induced ay: 
sgezation was inhibited by agents that inhibit the 
function of aygBs's fibrinogen-binding site (Fig 
4B). including EDTA or the peptide RGDS (0), 
In contrast, no platelet aggregation occurred 
ets were exposed t0 10 4M 
,, which demonstrated that this peptide did not 
activate agp 

The integrin cfs mediates the adhesion of 
platelets to the matrix protein esteopontin, po- 
tentialy exposed to the circulating blood by 
rupture of an atherosclerotic plague, Incubating 
platelets with anti-cy induced robust platelet ad 
hesion to osteopontin (Fig. 40), even in the 
absence of pharmacological platelet agonists. AS 
expected fiom the FRET binding curves (Fig, 
2), the potency of antity in inducing platelet 
adhesion to osteopontin was lower by a factor 
of 10 than that of anti-cg, in inducing pl 
aggregation (fig. $9). Anti-a,- induced adhe- 
sion was prevented by agents that inhibit the 
imeraction of a,f's extracellular ligand-binding 
site with osteopontin, including EDTA or the 
specific RGD-containing a4 antagonist XJ735, 
which confirmed that anti<t,-induced platelet 
adhesion 10 osteopontin is mediated by By 
Notably, there was no platelet adhesion 10 
csteopontin when platelets were incubated with 
ns that fully activate 
nd ant-t,mut 


‘yy (Fig 4C), and anti 
had negligible effects in activ 
Thuis, these experiments indi 
specifically recog activate abs 
presence of a 400-fold excess of cmp 
Rupture force spectroscopy. One potential 
ambiguity with the platelet experiments is that 
membrane peptides ly 
Which could lead to nonspecific interactions that 
‘might cloud the interpretation of the results, 
Furthermore, the TM helices of integrins might 
ge in a number of homomeric interactions 
‘or heteromeric interactions with other membr 
ins (/5-18), which may cause avidity 
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in platelets. The spectrum of rupture forces re- 
{quired to detach an esteopontin- oF fibrinogen- 
coated bead from a platelet provides a measure of 
the ability of the CHAMP peptides to activate 
ir target integrin and of the integrin to interact 
\with its appropriate ligand. Histograms of rupture 
forces collected for a large number of contacts 
between plclets and ligand-couted beads are 
shown in Fig. S. In the absence of CHAMP 
peptides, the binding probability decreased 
‘exponentially with increasing force, indicative 
‘of a nonspecific interaction (37). However, in the 
presence of 0.5 jtM antici, (Fig. SA), peak is 
‘observed at a position similar to that observed 
‘when cypfs is stimulated by platelet agonists 
(31), The peak was eliminated by addition of the 
‘ayhx-specific antibody, abeiximab, which blocks 
the fibrinogen-binding site on the extracellular 
domain of aypBs. Thus. the highly adhesive inter- 
action between platelets and fibrinogen is medli- 
ated by activated uns. 

Exposing platelets to 10 uM anti<t, produced 
44 peak of rupture foree between platelets and 
‘osteopontin-coated beads with a maximum at 
~45 pN (Fig. SB), characteristic ofthe interaction 
‘of ass and esteopontin-coated beads (32). This 
anti-cy-induced activation was eliminated by the 
‘By antagonist XJ735, There was no peak of 
specific rupture force between the platelets and 
the osteopontin-coated beads when the platelets 
were exposed 1o concentrations of anti-ty, that 
fully activate ays (Fig. $B, bottom pane’), 
Demonstrating the specificity of the interaction, 
anti-ty failed to induce adhesion to fibrinogen- 
coated beads (Fig, SA, bottom panel), and both 
anti-cryscr (Fig. SA) and anti-cymut (Fig. SB) 
had negligible effects on the activation of either 
integrin, Thus, by activating specifi integrin fune- 
tions, these experiments confirm that anti-cim 
and ant-ty ean specifically interact with ca and 
‘ty in situ in the plasma membrane of platelets 

Discussion. Lateral TM helix-helix assoxia- 
tions play essential roles in- membrane-protein 
folding, assembly, and signal transduction (33): 
‘what defines the specificity for their assembly 
(892 For TM. motifs similar to. those studied 
here, there is only a 3 10 5 kealimol energetic 
diflerence (a factor of about 100 10 10,000) 
between a strongly associating TM helix dimer, 
such as GpA, and the nonspecific dimerization 
‘of randomly associating TM helices in micelles 
(25). For this class of helixshelix. interaction 
motifs, nature appears 10 achieve this modest 
energetic difference by (i) optimizing the 
geometric fit (34-36), electrostatic interactions, 
and weak C-H~O-C hydrogen bonds (37) 
‘between the two interacting helices and i 
sitioning the interacting sites on the two helices 
at precisely the same region of the bilayer. 


there is only a small energetic 
difference between randomly associating TM 
helices and natural high-aflinity dimers, it might 
appear that the design of a CHAMP peptide 


would require highly accurate computation of 
the enthalpy and entropy of peptide-peptide and 
peptide-phospholipid interactions. These cal- 
culations would require consideration of com- 
Putationally challenging interactions, such as 
interhelical C-H-O=C hydrogen bonds (37) 
and local deviations from ideal helical geometry 
required to facilitate association of the helices. 
We langely circumvent the need for such 3c- 
curacy by using a library of structurally defined 
hhelix pairs that are already in local minima with 
respect to intethelical backbone-hackbone inter- 
actions and that position side chains for appro- 
Driate pairwise interactions. The problem then 
simplifies to selecting the best backbone from 
this library for the construction of a CHAMP 
peptide that maximizes the geometric complemen 
{arity between the CHAMP peptide sequence and 
its target. Although our scoring function for 
sequence selection is quite simple and we used 
only a subset of the available helix pairs, the 
procedure appears to be highly effective, The frst 
two peptides designed with this protocol are 
described in this paper, whereas a thint is 
seribed in the SOM. On the basis of this very 
limited sampling of three peptides, the method 
has been 100% successful 

The CHAMP design procedure is highly 
sensitive to the fine-grained topographic difler- 
fences between the targets, which is consistent 
With the hypothesis that geometric complemen- 
{arity i critical for tight and specific recognition. 
Although the sequences of the TM helices of 
‘yy and care similar, the sequences of ant-cyy 
and anti-t, differ substantially, resulting in dif 
ferent selectivities. For example, anti-cigy has a 
Gly-zipper motif (30), which is essential for the 
recognition of dug, whereas anti<ty has an M 
rather than the third G in this motif 

It should be possible to extend the CHAMP 
approach to other TM helix-association motifs, 
including ones involving polar side chains, 
Which provide a strong driving force for heli 
his association (33). In this case, we would 
search for a helix pair library with structures in 
which one helix has the polar side chains) of 
ierest and the second helix has appropriate 
side chains to bind it (38). Funhennore, the 
method could be modified to consider multispan 
‘bundles, rather than dimers, or to use “negative” 
design to select for sequences that avoid 
‘undesirable interactions: it should be possible 
{o include a scoring function to avoid sequences 
‘that are particularly prone to amyloid formation 
(20), or one could computationally screen target 
CHAMP sequences against undesired targets to 
minimize off-target binding. 

‘The activity of these CHAMP peptides is 
consistent with a push-pull mechanism of 
integrin activation, which postulates that sepa- 
ration of the «and TM helices is a dominant 
signal for integrin activation (/5. 17, 39). In this 
mechanism, integrins are activated by any per- 
turbation that physically pushes the integrin TM 
helices apart (¢.2. mutations that disrupt the a-f 
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‘TM interface) or that pulls them apart via 
binding interactions that preferentially stabilize 
the separated state: CHAMP peptides activate 
bby binding to a site in the a TM helix that 
physically blocks its interaction with the TM 
helix, the binding of talin to the membrane- 
proximal cytoplasmic domain of the (5 subunit 
appears to impede its interactions with the 
subunit (40), and the homo-oligomerization of 
the TM domains might activate by competi 
heteromeric TM helix-helix associations (17), 
More generally, CHAMP peptides should 
provide important reagents to probe the fune- 


4 manner similar 
to the use of antibodies 10 study water-soluble 
regions of proteins. Previous investigators have 
shown that peptides from the TM regions of 
oligomeric proteins can disrupt the lateral as- 
sembly of the native complex (41-43), How- 
ever, high concentrations of these TM. pe 
‘were required to elicit partial effects. Simitarly, 
‘we have found that peptides fiom the TM. 1e- 
ions of yy and fy are substantially weaker 
‘activators of yp activation than anti-cyy (44), 
Itis likely thatthe affinity and specificity of the 
CHAMP peptides designed in this work could 
be further improved by genetic methods used 
previously for investigating membrane-peptide 
recognition (45), in a process similar to allnity 
‘maturation of antibodies. Given the growing 
appreciation of lateral TM helix associations in 
‘membrane-protcin folding, assembly, and signal 
transduction (33), CHAMP peptides will pro- 
‘vide much needed reagents for probing. these 
processes. 


imeractions in membranes, 
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Early Optical Polarization of a 
Gamma-Ray Burst Afterglow 


Carole G. Mundell,** lain A. Steele,? Robert J. Smith? Shiho Kobayashi,’ Andrea Melandri,* 
Cristiano Guidorzi,*** Andreja Gomboc,* Chris J. Mottram,* David Clarke,” 
‘Alessandro Monfardini,"* David Carter,” David Bersier* 


‘We report the optical polarization of a gamma-ray burst (GRB) afterglow, obtained 203 seconds 
after the initial burst of y-rays from GRB 060418, using a ring polarimeter on the robotic Liverpoot 


Telescope. Our robust (2c) upper limit on the percentage of polarization, less than 8 


coincides 


with the fireball deceleration time at the onset of the aftergtow. The combination of the rate of 
decay of the optical brightness and the low polarization at this critical time constrains standard 
models of GRB ejecta, ruling out the presence of a large-scale ordered magnetic field in the 


‘emitting region. 


amma-ray bursts are the most instanta- 
G cusiypowerfil explosions in the 

‘universe and represent the mast impor- 
nt new astrophysical phenomenon since the 
discovery of quasars and pulsars. entified as 
brief, intense, and unpredictable flashes of high- 
‘energy 7-rays on the sky, the most common type 
of GRB, so-called long bursts, have y-ray pulses 
that last longer than 2's These are thought to be 
produced when a massive star reaches the end of 
its life, its core collapsing to form a black hole 
and, in the process, ejecting an ultrarelativistic 
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blastwave (/. 2). In many cases, the detected 
‘Fay Hux implies an unphysically high explosion 
‘energy if assumed to be emitted isotropically by 
the source, the so-called enengy catastrophe. 
Instead, focusing the energy into a narow jet 
reduces the intrinsic energy output toa canonical 
nz for most GRBs (3), 

After the initial burst of y-rays, the subsequent 
radiation produced at longer wavelengths (e 
‘ray, optical, or radio}. termed the “aflenslon” is 
rencrally accepted to be synchrotron radiation 
‘whose observed properties are consistent with a 
focused jet expanding at ultrarclativistic speeds 
into the interstellar medium, The proxiuction of 

yynehroton radiation requires the presence of a 
magnetic field, but the origin and role of the 
magnetic fields in GRB ejecta are a long-standing 
‘open issue. In tum. fimndamental questions on the 
driving mechanism of the explosion, in paticu- 
lar, whether the relativistic outflow is dominated 
by kinetic (baryonic) or magnetic (Poynting flux) 
‘energy. remain unanswered (4, 5). The primary 
challenges. in addressing these issues arise 
because GRBs are short-lived, compact, and lie 


at vast cosmological distances; our understanding 
‘of their physical nature is therefore inferred from 


the characteristics of ther measured 
the carliest possible time when the observed 
radiation is still sensitive to the properties of the 
csiginal firchall, 


The two main models of collimated rekt- 
tivistic outflows, or jets, that have been proposed 
the hydrodynamic 
(5). Hydrodynat 
‘ordered magnetic field but instead produce 
synchrotron radiation fom tangled magnetic 
fickls, concentrated in the thin layer of the 
‘expainding shock front, that are generated locally 
by instabilities in the shock (6%: the magnetic 
field does not influence the subsequent evolution 
‘of the jot. Models of these jets have boen highly 
successfill at reproducing a wide range of ob 
served properties of GRBs (/, 2), A relativistic 
‘outflow from a central engine might have a w 
‘ondered or random magnetic fic. As long as the 
cc field docs notaffeet the dynamics of the 
jet. we classify it as a hydrodynamical jet. In 
ontrast, magnetized jets are threaded with 
strong, globally ordered magnetic fields, which 


mechanism is an attractive sonario 10 
account for the prodigious energy outputs and 
vas accelerations required for GRB ejecta, as 
well as for overcoming enengy-cfficiency prob 
Jems inherent in hydrodynamical models in 
‘which intemal shocks must convert kinetic 
energy 10 radiative energy with sufficient ef 
ciency to produce the observed y-ray emission 
and prolonged central engine activity (9.10). 
Observationally, the fading rate of the afler= 
#low emission alone is inadequate asa diagnostic 
for distinguishing between these theoretical jet 
models (11-13); in contrast, the polarization 
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properties are predicted to differ markedly. Ob- 
servations of the polarization state of GRB 


afterglow emission therefore ofler a diagnostic 
to eliminate or cot The 
lestable prediction is that hydrodynamical jets 
produce a considerable amount of polarization at 
th 


the burst, the so-called jet bre 


train current models. 


gcometrical transition phase a few days after 
k time when the 


lateral spreading of the slow 


jet produces a 


and 


characteristic steepening of the light curve, 
produce litte of no p 


Whereas jets with 


neti¢ fields produce polarization substa 


at early times (12, 13) 


as 50% (13), 


some cases as high 

The first detection of polarized optical emis 
sion from a GRB aflenglow was taken at 0.77 
days after the burst of GRB 9905 10and, with the 
exception of GRB 020403 for which an un- 
explained I 


degree of optical polarization was 


measured 1.3 days alter the burst (/4), late-time 


on for other 
0,2 day all 


measurements of optical polarz 
Jong bursts taken typically at ¢ 


show consistently low values of P 
some of which may be induced by interstellar 


Although these 


scattering processes (/5-18%, 


painstaking observations of ate-time polarization 


were vital in confirming the pres colli 
rated jets in GRBs [eg (/5-17)}, there was a 
lack of polarization observations of GRB afler 
lows in the early phase within the f 


minutes, where the predicted properties of m 


netized or unmagnetized hydrodynamic jets 
difler most 

Recent 
catching the rapidly fa 


xlvances in technical efficiency of 
light from GRBs, 
driven primarily by the realtime dissemination 
of accurate localizations of GRBs discovered by 
the Swift satellite (9), have opened a new era in 


rapid-response follow-up studies of GRBs any 
th 


afterglows (/, 2) 


GRB 060418 was detected by the Swift 
satellite at 03:06:08 UT on 18 April 2006 and 


exhibited a tripk-peaked y-ray light curve with 
52 s, followed by a small 
i 130s coincident with a kirge Mare 
ve and likely 


overall duration of 


detected in the x-ray light 


associated With central en; 
20), Aloe 
ically to ground-based facilities and triggered 
robotic follow-up observations at the 2.0n 


Liverpool Telescope in La Palma, the Canary 


vin ne activity 


Islands. These observations consisted of a 30-s 
exposure with the RINGO polarimeter (F 
beginning at 03:09:31 UT oF 208 s after the s 
ofthe prompt y-ray emissioe 
fous with the fading tail of this 
followed by 2 hours of multicolor photometric 
We concentrate here on the RINGO 
measurement 
RINGO uses a rovating polaroid to modu 
followed by corotati 
trans star im 


and contemporan 


the incoming. beam, 


deviating optics tha 


ing that is recorded on the cha 
device (CCD) chip. 


coupled 
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present in the incoming light is mapped out 


around the ring in. 


a sin(20) pattem, A description 
of the i and the data reduction proce 
dures are (21). A beight star in the field 


of view of the GRB (F 


ck 
‘with multiple measure 


1) was usad as ac 


ments made on subsequent n 
measured polarization in the GRB frame of 
1%. This value also pr 


stellar dust 


lactic imi 

sciable polarizatio 

fom the GRB. To quantify this 
ried out a Mo 


‘observation te Carlo error 


analysis in an al aificially 


induced polarization signal with a noise spectrum 


identical o that of the GRB data. This gave a firm 
(20) upper limit to the measured polaris 
8% [p 


easily detectable (21) 


of 


ariations of 10? 


for example, being 

The optical and near-infiared fight curves of 
GRB 060418 are smooth and. featureless 
infrared (IR) li 


f curves show a smooth rise 


(decay rate @ ~ 27. 1) 10 a broad 


peak at time peg ~ 153 
with 

1 
fight 


oath, unbroken power kaw with « 


curves and typic 


models of op 
GRB fireball 


ical afenghows. 
wade in which a jet is driven into 
circumburst medium, the 
Lis th 


forward shock, 


uht to include contributic 


Which propa 


ito the at and a reverse shock, 


nginal fireball 


bint medium, 
ack into the 


Which propagates 
) Fe 


the fireball decelerates or 


ejecta ward-shock emission peaks wh 


synchrouon frequency (Vjq) passes through the 


EPO 


observed band, The lack of color change around 
the peak in the IR light curves of GRB 060418 
(22) confimms the deceleration interpretation, 
With Vp already lying below the optical and IR. 
bands at this time (22). The steep ternporal rise of 
the IR light eurve(a~2 


theoretical pred 


Vis also consistent with 
tions of forward-shock emission 
before deceleration (24), 

The RINGO measurement was made close 
to the time of the peak of the IR light curve 
the firchall deceleration time and onset of the 
afterglow, making the pol 
particularly important for testin 


jon measurement 
alte 


how pre 
dictions from current standard jet models. Our 
polarization measurement also coincides with the 
decay phase of the x-ray flare emission. Extrap- 
lating the peak flux density in the x-ray Mare at 
° 

spectral index between optical and x-ray bands of 
B~ 1 (F, © v), we found that the maximum 
bution of the flare 0 the optical banel is 


negligible, thus ruling out an internal shock oi 
gin for the optical emission and confirming that 
the optical emission represents the allerglow at 


the time of the RINGO m 
Although the optical emission from GRB 
060418 was br 


it at an early time, no dominant 
ptical flash from the reverse shock was detected, 


Similar 10 other recently studied bright bursts 
such as GRB 061007 (25), The apparent lack of 
an optical or IR flash is easily explained in the 
standard fireball mode! ifthe typical synchrotron 
frequency of the forward-shock emission, gy is 
Jower than the observing frequency of the optical 
1d IR) band, Vg 
the peak time ipa This condition is required also 
to intervet the IR light-curve pe 

adient is expected to be sh 


Fig. 1. Direct optical and RINGO polarimeter images of the field containing GRB 060418. The 
direct R-band image (A) is taken from the Digital Sky Survey (OSS) and shows the sky before the 
GRB occurred. The RINGO image (B) consists of a CCD recording of the incoming light from GRB 
(060418 and other bright sources in the field after the light has been modulated by a rotating 
polaroid and spread around rings by corotating deviating optics. The objects detected by RINGO 
are labeled (a) to () in both panels and blue dotted rings, corresponding to those in the RINGO 
image, are shown on the DSS image as a guide. All labeled objects, with the exception of extended 
object (g), are unresolved point sources and thus produce well-defined rings. The bright star (a) was 
used for additional calibration as described in the text. The field of view is 4.6 by 4.6 arc min, and 
the orientation of the field is shown by the white arrows indicating north (N) and east (E) 
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than observed (26), Mundell etal (25) suggested 
‘that a low value of vm may be produced by small 
microphysics parameters, in particular low €p. 
due to small magnetic fields in forward and 
reverse shock regions. A low typical synchrotnon 
frequency can also result ifthe fireball is enriched 
With electron-positron pairs. Nonstandard models 
of hydmdynamical jets with weak magnetic 
fields that radiate via inverse Compton emission, 
rather than synchrotron emission, have also been 
Proposed asa mechanism for suppressing optical 
Mashes, No polarization predictions for non- 
standard models exist, so we do not discuss these 
models further: Instead, we test predictions from 
standard GRB models of relativistic jets with and 
without globally ordered magnetic fields that 
‘emit synchrotron radiation, 

‘Theoretical models of magnetized jets, with 
large-scale onlered magnetic felts originating 
from the eentral engine, predict high values of 
polarization at very early times for the prompt 
‘y-ray emission (12, 13). Putative detections of 
lange levels of y-ray polarization of ~70 to 80% 
(27)and>35% and >SO"% (28) ina small number 
‘of GRBs provide support for large-scale ondered 
magnetic fields in the region of the flow that 
Produces the high-energy prompt emission, but 
the observational results remain controversial 
(29). The optical emission fom the forwant 
shock is also predicted to be highly polarized for 
these magnetized! jets; instabilities in the contact 
discontinuity at the fireball surface are expected 
{o act as anchors for continuing the ordered 
magnetic fiekd into the aftergknv emission, 
producing optical pokarization as high as 10 10 
0% atan catty time (17-13, 30). The exact level 
‘of observed polarization depends on complex 
details of the degree of mixing between the 
‘onlered! magnetic fick! in the ejecta and any 
tanglal component in the shock front. Never: 
theless, the key characteristic of emission from 
jets with large-scale ordered magnetic fickds is 
that the observed polarization does not disappear 
at very early times (/3}. 

Our robust upper limit P< 8% at the very 
‘early time £ ~ 203 s for GRB 060418 lies below 
predicted values for reasonable jet properties. In 
the standard synchrotron shock model, the 
Temporal decay rate of the optical afterglow. a, 
is related to the underlying power-law dis- 
tribution of electron energies, or dnide = &: for 
GRB 060418, we derive p ypical of op- 
tical aftenglow emission. Theoretical models of a 
magnetically dominated flow for y= 2.6 predict 
‘observable polarization of a few tens of percent 
(8), substantially larger than that observed for 
GRB 060418. Within the limitations of current 
theoretical models, the low level of polarization 
‘observed in GRB 060418 therefore indicates that 
large-scale onlered magnetic fields are not 
dominant in the afterglow emission at early times. 

Although reverse-shock emission inthe form 
‘of an optical flash does: not dominate the Tight 
curves of GRB 060418, in the hydrodynamic jet 
mode! more than ~30M% of the emitted photons 


‘come from the original fireball material (25), or 
reverse-shock region. at the deceleration time 
when our pokuization measurement of GRB 
060418 was made. This is because at the peak 
time, the two shock emissions have the same 
‘cooling frequency, and the peak values of VF, at 
the cooling frequency are comparable. The 10 
emissions contribute equally t0 the total ux at 
observing frequencies between the cooling. fre- 
‘quency and the typical frequency of the forwant 
shock (24), as is the case for optical measure- 
ments of GRB O60418, 

We therefore rule out the presence of a 
magnetic field with ordered lanse-scale structure 
in a hydrodynamic or baryonic jet, in which the 
‘energy density of any magnetic field component 
is comparable to or kes than that of the baryonic 
component, because this would also result in a 
fangs amount of polarization at an carly time. 

‘Our result is consistent with the theoretical 
prediction of low or zero polarization for hy 
drodynamical jets without large-scale ordered 
magnetic fiekls when observed at carly times 
(23). This isalso consistent with the reported lack 
Cf linear o¢ circular polarization at radio frequen- 

ies for the afterglow of GRB 991216, observed 
at ~ I day alter the burst (3). Thus, we support 
models of hydrodynamical jets in which 
generation of the magnetic field in the regions 
responsible for both the prompt and afterglow 
‘emission is driven by local processes in the uid 
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Ballistic Electron Microscopy of 
Individual Molecules 


‘Amin Banani, Christian Bobisch, Rolf Méller* 


We analyzed the transport of ballistic electrons through organic molecules on uniformly flat 
surfaces of bismuth grown on silicon. For the fullerene C4o and for a planar organic molecule 
(3,4,9,10-perylene-tetracarboxylic acid dianhydride), the signals revealed characteristic 
submolecular patterns that indicated where ballistic transport was enhanced or attenuated. The 
{ransport was associated to specific electronic molecular states. At electron energies of a few 
electron volts, this “scanning near-field electron transmission microscopy” method could be 


applied to various adsorbates or thin layers. 


require a reduction in device size, ideally 

to one mokkeule, but the power dissipation 
Of the individual element must be reduced ac- 
aly. As demonstrated. for silicon-based 
prototypes (/) as well as for carbon nanotubes 


F= developments in microcketronics 


2), one route to such devices: makes use of 
ballistic electron transistors. In the case of bal 
listic transport, the flow of electrons is not im- 
peded by scattering at defects. 30 high speed and 
minimal energy loss are achieved. Ballistic 
transport has also been used to image surf 
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In the scheme for ballistic electron emission 
microscopy (BEEM) introduced by Bell and 
Kaiser (3, 4), a thin metal layer on top of a 
semiconductor és studied. The arrangement al- 
ows an evaluation of how the tunneling curent 
is split into a ballistic contribution that reaches 
the underlying semiconductor and a cument of 
seattered electrons that remains in the metal 
film, BEEM experiments have primarily fo- 
‘cused on studies of the buried interface between 
the metal and the semiconductor 

An overview of BEEM was given by 
Narayanamurti ef al, (5), anda theoretical de- 
scription has been worked out by de Andres 
1 al. (6). Mositications of the standart BEEM 
‘configuration were reported by Rippard er al. (7). 
‘who studied ballistic transport through a mctal 
‘oxide-metal-semiconductor system. Li et al. (8) 
and Troadee et ul, (9) modified the Schottky 
burtier by inserting an organic film between the 
metallic layer and the semiconductor 

However, the goal of our experiment is the 
analysis of the transmission of electrons though 
‘objects, such as adsorbates, on top of the metal 
layer, Such experiments require an almost 
perfect preparation of the interfice and of the 
surfice of the metal to provide constant de 
tection efficiency, Complementary to scanning 
tunneling spectroscopy (STS), by which the 
specitic excitation of electronic state (10, 11) oF 
‘even of a molecular Vibration (2) may be ana- 
lyzed. our experiment provides information on 
the electrons traversing the molecules. without 
ing siznificant scattering processes 

An important issue of molecular eletronics 
(13) is the nature of the contact between a 
metallic lead and the motecule. Our experiments 
correspond to a tworterminal device with two 
‘contacts 10 an individual molecule (4, £5), One 
fof the contacts is given by the supporting sur- 
face and may be varied by the preparation to 
achieve adsorption at a specific site on the sur- 
c. The other contact is made by the tunneling 
tip and may be varied with respect to fateral 
Powition relative to the molecule as well as 
vertical direction fom weak tunneling to point 
contact, 

We studied the balis 


transport of elee- 
ecules that have 


and the planar organic molecule 3.4,9.10- 
perylene-tetracarboxylic acid dianhydride 
(PTCDA) (17, 18) The data reveal the pathways 
‘of the ballistic transport through the mokkculs, 
‘The setup of the experiment is sketched in 
Fig 1A. Ifa thin metallic layer is brought into 
contact with a semiconductor, a Schottky barier 
is formed at the interfice (19, 20). The barrier 
height varies from 04 to 1 eV depending on the 
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combination of the metal and the semiconductor 
(2). The adsorbate to be studied is deposited 
‘onto the metal layer. Using the tip of a scan- 


ge relative to the sample, 
electrons are injected into the sample surfac 
either directly into the metalic layer or via the 
adsorbates. In the case of ballistic transport, 
the electrons reach 


These conditions create @ current, hase tt 
can be measured at a back contact of the 
semiconductor. We refer to this as the “BEEM 


ceurrent.” The majority of the electrons remain in 
the metallic ayer, he BEEM curent represents 
‘only a very small percentage of the total curt 
‘of tunneling electrons. Because the feedback 
the STM adjusts the distance between tipy and 
sample in such a way that the total tunneting 
‘current remains constant, the BEEM cumemt 
dincely yiekls the relative contribution of the 
ballistic electrons 
Our method resembles the “projection chs 
two microscopy” introduced by Fink et al. (24), 
Which uses the field emission of a tip in front of 
@ free-standing sample; the image of the 
snitted electrons is detected by a channel 
plate detector. However, that technique is ap- 
plicable for free electrons at much higher elec 


10 2 
Distance (nm) 
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ton energies, in the range of 20 10 300 eV. In 
‘contrast, our experiment relies on tunneling elee- 
twons with energies between the Femi level Ep 
and the vacuum level: moreover, ike STM, itis a 
near-field technique not limited by’ diffraction, 

The injection and transmission of electrons 
was studded for 10 prototype molecules, Cop 
and PTCDA, adsorbed on an atomically fat 
bismuth film at 130 K.-The experiments 
ing sample preparation) were performed under 
‘ulrahigh-vacuum conditions at pressures of <3 
10"! mbar. For sample preparation, the Si(100) 
substrate was flashed 10 1500 K to produce a 
lean (2 « 1) reconstructed surface. About 3 nm 
of Bi was evaporated on the sample at a low 
{temperature (130 K). The sample was brought to 
wom temperature, and the Bi formed an 
epitaxial ayer that was flat on an atomic seale 
25), The quality of the surface of both the Si 
and the Bi surfices was verified by low-energy 
lectron difliaction (LEED), Finally, about hall 
monolayer of Cy or PTCDA was deposited by 
thermal evaporation onto the Bi surfice at room 
temperature (26) 

The interface between the Siand the Bi 
prepared by the procedure described above was 
found 10 be very homogenous, leading t0 an 
almost constant signal of BEEM electrons on 
the ckan metallic surface, The transmission of 
bullistic cloctrons was very high relative to other 


Fig. 1. (A) Scheme of the experiment. (B to D) Topography and BEEM current for Cgo on Bi(111). 
The area is 30 nm by 25 nm, and a bias of ~1.3 V has been applied to the tip, leading to a total 
‘tunneling current of 40 pA; the images show truncated triangular islands of Cgo [dark in (D)] and 
bismuth (bright). (B) Topography varying by 0.6 nm from low (dark) to high (bright). (C) Cross 
sections along the dashed line indicated in (B) and (D); the upper curve displays the height, the 
lower curve the BEEM current. (D) BEEM current ranging from 0.2 pA (dark) to 4 pA (bright). To the 
left of the central island of Ceo, a “ghost image” caused by a double tip can be seen. However, this 
double tip does not influence the imaging of the island. 
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ystems (3, 27) such as gold on silicon. Con- 
idcring that the injection of tunneling electrons: 
‘occurred preferentially with a low component of 
the k vector parallel tothe sure, the hh trans- 
mission may be explained by the good overlap 
between an electronic state of the Bi that is very 
clase to the P-point of the surface Brillouin zone 
(28) and the truncated bulk states of the Si(100) 
‘surface. In addition to the data we report, the 
tunncling current as well as images of the 
backward scan direction were recorded to verify 
that antifacts caused by the scan process were 
negligible 

‘The topography observed by the STM and 
the simuhancously measured BEEM signal for 
the Cy molecules are shown in Fig. 1, B and D, 
respectively, On the flat Bi surface, which ap- 
pears dark in the topography, triangular islands 
‘of Bi formed by one additional double layer of 
Bi and hexagonally ondcred islands of Cgo ean 
be recognized. The molecules are arranged in a 
superstructure aligned to the underlying Bi struc 
{ure and similar toa structure found on AuCHTE) 
(29), The BEEM current is reduced by a factor of 
bout 8 forthe Cig layer and shows a faint con- 
trast om the Bi surface that reflects the hexagonal 
artangement ofthe Bi atoms inthe (111) surfaces 
this is not visible in the topographic image (see 
also fig. $1). 

We studied the BEEM current as a function 
ofthe electron energy, which is given by £ 

eU, where ¢ is clememtary charge and U is 

applied bias. The spectra for the clean surface 
(upper curve) and the covered surface (lower 
curve) are shown in Fig. 2. The onset of the 
BEEM current above the threshokl can be 
described by a function as a power of E - Ey. 
Where Eg is the height of the Schowky barrier 
(30), The dashed curve shows it with tia 
(E Ep)/E. yielding a value of 0.88 eV for Ey 
(3D), Above 1.1 eV, situration effects not in- 
cluded in the formula given above Tead to de 
m the experimental curve. 


lean 
at Bisurtace 
2 
' 
Cron Bi 
0 to 1s 20 
Electron energy (eV) 


Fig. 2. BEEM current versus electron energy. 
The blue curve refers to the bare bismuth sur- 
face, the red curve to one monolayer of Cga on 
Bi. Each curve was obtained by averaging over 
20 spectra at a single position. The dashed gray 
lines show numerical fits to the data. 
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the electron enemy. At about 1.5 eV, the signal 
strongly increases, indicating the opening of an 
additional channel for the ballistic electrons. A 
numerical fit 10 the data displayed in Fig. 2 
Taking into acoount a second threshold provides 
an energy of 148 eV for the latter, For the range 
Up to LS eV, an almost perfect fit to the data 
was obtained; again, saturation was found for 
higher energies. These results correspond well 
to the data reported by Yamuchika et al. (32), 
who analyaed Coo on Ag(OO1) by STS as a 
function of doping by potassium atoms. For 
the undoped Ceo, they found two empty clee- 
tronic states: the lowest unoccupied molecular 
orbital (LUMO) at about 0S eV and the 
LUMO¥1, the next higher orbital, at 1.6 eV 
shifting toward a lower enengy with increasing 
doping. Because the first orbital is below the 
threshold given by the Schottky barrier. only 
the second orbital will efficiently contribute 10 
ballistic transport. 

The data obvained for a small area near the 
cconter of Fig. 1, Band D. is shown in Fig. 3 for 
E values of 1.3 and 2.1 eV, One molecule ap- 
peared somewhat lower in the topography and 
‘yielded a rather strong BEM cumrent, Typically, 
the effect was not completely Jocalized at one 
molecule; the neighboring molecules were also 
slightly affected, as expressed by the “halo” in 
Fig. 3D. Data reconde at various electron enengics 
revealed that the signal was as strong as for the 
«lean Bi surface over the whole range of energy 

In view of the results discussed for the 
PTCDA mokeule (see below), this observation 
‘can be explained by an increased coupling of 
the electronic states of the particular Cyo to thse 
‘of the underlying Bi. This effect is not caused 
bby different adsorption geometries, because the 
‘bright appearance of the Cy hops back and 
forth only between the same two molecules in a 
series of measurements, which implies that the 
effect is pinned by a localized defect or ad- 
sorbate (Vig. S4). Hence, we suggest that an 


Fig. 3. Topography and BEM 
‘current for a small area of 2 Coo 
island, The displayed area is about 
5 nm by 5 nm; total tunneling 
‘current is 40 pA (A) Topography 
varying by 0.2 1m from low (dark) 
to high (bright) measured at a bias 
of —13 V applied to the tip. (B) 
BEEM current ranging from 0.2 to 
4 pA ata bias of -13 V. (C) BEEM 
Curent ranging from 0.2 to 4 pA 
at a bias of -2.1 V. (D) BEEM 
‘current ranging from 0.2 to 1 pA 
at a bias of ~2.1 V. The contrast 
has been raised to enhance the 
features at low current. 
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impurity (can alkaline atom) localized on the 
surface dopes one or the other Coo nearby, 
‘which shits the energy of the electronic states 
of the Ceo (32) and leads to enhanced coupling. 
‘The scattering of the electrons injected by the 
tunneling tip is thereby reduced and the con- 
tnibution of ballistic electrons increases, This 
interpretation is supported by a numerical cal- 
culation by Ono ef al., who analyzed electron 
transport through undoped and doped Cyn (33), 

The images in Fig, 3, C and D, display the 
BEEM current at an electron energy of 2,1 
to improve the visibility of the low signal, Fi 
3D shows the sme data as Fig. 3C with 
hanced brightness. Each Cag molecule exhibits a 
ing with a slight hexagonal deformatic 
separated by lowertranssmission Hence, 
am increase of BEEM current occurs at the sides 
of each Cyy molecule andl not between the 
molecules, as can be clearly seen in Fig. 3D. 
According 10 the spectroscopic data discussed 
above, it can be concluded that this observation 
is related to the first excited unoccupied elec 
tonic state of the Cyy (LUMO# 1), 

Although rigorous theoretical consideration 
requires one 1 treat the transition from an 
elcctwon through the tunneling gap, the mole- 
cules, the metal layer, and the Sehottky barrier 
as 4 whole, itis useful to consider the ballistic 
transport stepwise to understand the observa 
tions, The first step is the tunneling process 
fiom the metallic tip through the vacuum 
thurrier into the molecule, Neglecting thermal 
broadening oF the Fermi distribution of the 
electrons, only electrons of the tip with enengies 
ranging thom Ep of the sample to eV above Ep 
contribute to the tunneling current, The moke= 
ile does not provide a continuous density of 
slectronic states but provides discrete kovels that 
are broadened by the interaction with the 
substrate, Tunneling is enabled for those ch 
tons with an energy matching one of these 
molecular states (c.t., LUMC 
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The second step is given by the intramolecular 
transport. If inelastic scattering occurs, the 
enenyy of the electrons is reduced and the 
electrons are no longer “ballistic.” The third 
rsition from the mokkeule to the 
metal layer: the founh step is the transport 
Within the metal layer. The fith and lst step as 
the transition across the Schottky barrier 
between the metal ¢ semiconductor. It 
res that the energy associated with the 
of the electron perpendicular to the inter 
se excoed the Schottky barrier. Futhemore 
the component of the wave vector parallel 10 the 
surfice must match to an empty state of the 
semiconductor. In contrast to STS, in which only 
the first step is considered, BEEM takes into 
stecount cach of these additional steps 

IF only the energy filtering of the last step is 
considered, some resemblance of the BEM im. 
age 10 data obtained by STS [ex for Cyn (49) 
is readily understood. The threshold given by 
the Schottky barrier selects those molecular oF- 
excessive enengy, which is LUMO#1 
the Cqo in the range of interest, 
close inspection reveals sig 
from the STS data, Mest obviously, the 
‘mum of the BEM current in the center of the 
Coo molecule is not found by STS. 

The recent calculation (33) for the electron 
conduction through individual Ce molecules 
bridging two metallic electrodes shows that the 

ws the C-C bonds and that only 
specific unoccupied molecular orbitals with dif 
ferent symmetries provide the major contribution 


step is the 1 


Fig. 4. Topography and BEEM current 
for a small area covered by PICOA 
molecules, The displayed area is about 
9.3 nm by 9.3 nm; total tunneling 
current is 40 pA with a bias of -1.7 V 
applied tothe tip. (A) Topography of a 
bismuth island surrounded by a PTCDA 
domain arranged in a herringbone 
structure, (B) BEM current ranging 
from 0.2 to 5.4 pA. (C) Partial charge 
distribution of the PTCDA molecule 
and structure model. (D) Detaled view 
‘of the PICDA topography averaged 
over the unit cell. (E) Averaged BEEN, 
Curent of the PICDA structure in (8). 
(F) Line scan showing slight maxima at 
the position of the anhydride groups. 
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to the electron transport. They predict the highest 
density at the sides and the lowest density at the 
center of the molecule. 


Both are in good 


a rather different organic molecule. PTCDA is a 
planar, almost rectangular molecule. It has sig- 
ant partial charges due to the sttong electro- 
tive anhydride groups at both of the short 
sides. Figure 4 shows the topography and the 
BEEM curent for a small ara around a Bi 
island that is not covered by PTCDA. 

The molecules are ar in a so-called 


The insets 
rectangular unit cell containing two mokcules 
relative wo each 
The displayed data comespond to an 
energy of 1.7 eV. As for Ci. a 
of the BEEM current is observed, 
ig from 2% (dark areas) to 35% (bright 
areas) relative 10 the uncovered surface. In 
trast to the findings for Cy, the results do 
ificantly as a function of enengy 

fig. SS), 
wee of the PICDA mokcule 
completely differs for the observed topo 
and the map of the measured BEEM cur 
(Fig. 4, D and E). The topographic im 
dominated by wo 
parallel to the Jong 
discussed in (37), the maxima can be attributed 


that are rotated by about 90) 
other, 

electron 
reducti 
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to the LUMO, Probably because of the semi- 
metallic character of the Bi film, the LUMO. 
remains ab 0 a silver sub- 
sire, and it is imaged at a negative tip bias 
However, the major contribution to the BEEM 
‘cument occurred in one longish area centered on 
top of the long axis. As pointed out in (37), this 
feature corresponds to the LUMO*1 state, 
which has a significant coupling to the bulk 
states of the substrates, Close inspection of the 
BEEM sean of Fig. 4F) 
reveals an important difference with respect to 
the STS images of the LUMO", The 
‘mum of the BEEM signal is not at the cen 
the perylene core but at the anhydride groups. 
Hence, we ean conclude that the electron 
transport through the molecule or the transition 
1 the Bi substrate works best at these positions 
The later is suggested by x-ray diffaction mea 
surements showing that for a silver substrate, the 
four axygen atoms at the comers bend down 
Wand toward the substrate (34, $9) and increase 
the coupling to the bulk, 

The presented variation of STM-BEEM a 
lysis of electronic transport through 
of adsorbates in great detail, If the 
‘Schottky contact supporting this layer is: pre 
pared homogencously, it provides a detector for 
bullistic electrons with Host constant of 
ficiency asa function of the lateral position, The 
setup represents a ie! transmis 
sion electron microscope " 

‘and capable 


in contra 


operating. at electron 
energies 1a fom OS 10 3 ¢ 


of submolecular resolution for a. monolayer of 
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adsorbates. Specific paths for the ballistic trans- 
port of electrons through the molecules could be 
identified for Cgg and PTCDA. They result from 
tunneling into the LUMO*1 electronic state 
followed by intramolecular transport and cox 
piling. 1 the bulk states of the underlying metal. 
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Role of Solvent-Host Interactions 
That Lead to Very Large Swelling 
of Hybrid Frameworks 


C. Serre, ** C, Mellot-Draznieks,*” S. Surblé,” N, Audebrand,” Y. Filinchuk,* 


Férey" 


‘An unusually large expansion upon solvent adsorption occurs without apparent bond breaking 
in the network of a series of isoreticular chromium( IID) or ironittl) diarboxylates labeled MIL-88A 
to D (dicarbox = fumarate (88A); terephthalate (1,4-BD0 (888); 2,6-naphthalenedicarboxylate 


(2,6-NDC) (B80); and 4-4 


iphenyldicarboxylate (4-4-BPDC) (88D)]. This reversible “breathing” 


motion was analyzed in terms of cell dimensions (extent of breathing), movements within the 
framework (mechanism of transformation), and the interactions between the guests and the 
skeleton. In situ techniques show that these flexible solids are highly selective absorbents and 
that this selectivity is strongly dependent on the nature of the organic linker. 


rystalline 
but a reversible feature of some 
pore. hybrid, inorganic-onganic erystal- 


fine solids is an unexpected swelling under 
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extemal stimuli (such as pressure, tempera 
Tight, oF gas oF solvent adsorption), sometimes 
With lange magnitude (~3 A) (1. 2) in the vari- 
ation of cell parameters. Such large volume vari- 
ations suggest that these solids might have useful 
applications because of their selective adsorption, 
increased storage. and facile delivery (3.4). 

The flexibility of hybrid: organic-inonzanic 
porous frameworks that enables these volume 
changes is governed by their host-guest imter- 
actions. Kitagawa (3, 3) recently classified the 
Jifferent known behaviors of flexibility into six 
classes according to thes interactions and the 
dimensions of the inorganic subnetwork, with 
the highest “bwathing” amplitude so far being 


40% (2) However, most of the studies re 
have been limited to the structures ofthe fiame- 
\works at the initial and final stages of breathing 
but have not revealed the geometric changes 
and locations of the guests during the swelling 
‘that would provide insight into the mechanism 
‘oftweathing. These necessary structural data are 
not always eayy 10 obtain, because the swelling 
‘often breaks the crystals into powders, which 
are sometimes poorly crystallized 

‘We recently overcame these limitations by 
implementing a strategy based on a combination 
‘of targeted chemistry that controls the nature of 
the inorganic building block (6) and computer 
simulation (7). The structure of hybrid frame- 
works with giant cells {-380,000 A¥ (8) and 
~700,000 A? (| can be determined for pow- 
dered samples by means of a direct space 
‘computational strategy. by pushing the limits 
comentional ab initio strycture-determination 
methods of nonmolecular solids fom synchro- 
tron data. Moreover, when the erystal structure 
ofa parent 
nengy minimizations can be used 10 
the series of related crystal structures experi- 
mentally obtained with linkers of greater size 
with a simple ligand-replacement strategy in 
which the observed cell parameters ofthe series 
sae used as target values, The simulations then 
provide the most likely atomic coordinates for 
the new framework (/0), which may’be directly 
used for further Rietveld refinements, The same 
combined approach was used successfully in the 
case study of the atypical iron(lll) fumarate 
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of MIL-S8B and MIL-SSD (fig. $9). Unlike 
MIL-S8C, the plane of the rings in the other 
members points toward the interior of the tunnel 
and Ieaves less room for adsorption, especially 
for MIL-8D. When starting from the dried form, 
the pore opening remains rather weak (20%) 
\when the solid is dispersed at room temperature 
in a Tiquid, despite the importance of the onganic 
ct (fig, S10). Altematively, the use of the as- 
synthesized form of MIL-S8D leads to an almost 
MIL-S8B-like adsorption behavior (figs. S11 
and S12); with adsorption of diferent liquids, the 
magnitude of pore opening depends, once more, 
‘on the nature of the guest. Besides the specific 
interactions between solvent molecules ark! the 
framework, a zeometrical threshold exists for ant 
adsorption in the tunnels. Moreover, this thnesh- 
old is thermally activated, because at 150°C, 
dispersion of MIL-S8D in pyridine leads Wo its 
total opening (fig. S13). The same behavior is 
‘observed! for MIL-S8C in its dried state. Dis- 
persed in DMF at room temperature itexhibited 
{6% pore opening, whereas the same experiment 
Performed at 150°C showed a total opening 
(170%) (fig, S14). However, thenmodynamically 
if there is a thermal effeet related 10 the pore 
‘opening of the framework, it is masked by that of 
solvation, which occurs simultancously 

We can briefly discuss the kinetics of ad- 
‘sorption. From our experiments, it scems thatthe 
kinetics of breathing is distinctive for each MIL- 
88 solvent association. For example, MIL-SSA 
and MIL-SSB breathe within a few seconds inthe 
presence of ethanol, whereas i takes several day's 
{ior MIL-88B to open its pores completely in the 


[presence of water or nitrobenzene (figs. SIS and 
$16), Similarly, MIL-88C opens rapidly with 
yfidine (<1 min) but slowly with DEF (hours). 

Finally, it is mot known whether there is a 
phase transition when a solvent is adsorbed. The 
nets are topologically invariant and are not re- 
constructed between the different forms. In this 
sense, if there is a transition, it might be 
displacement, but even in this case, mast of the 
structural transitions are associated with a chan 
in symmetry and, therefore, in the XRD patterns. 
Here, the space group remains the same (P42c 
‘or Posy me), and the pattems show a continuous 
‘evolution (figs. S17 to $20). Thus. this breathing 
Phenomenon is reversible for cach solid and 
\without any apparent loss of crystallinity, even if 
anisotropic peak broadening is observed with 
drying for the (bkO) Bragg reflections while 
(001) peaks retain their initial width, However, 
the anisotropy disappears with wetting. and both 
(KO) and (001) reflections recover the same 
Peak width, which also rules out the appearance 
‘of an impurity oF a structural change during the 
‘breathing phenomenon. At first glance, the peak 
‘broadening with drying could be due to son 
disonder (residual molecules of solvent) in the 
(aby plane 

The cyclability of the breathing phenomenon 
has not been addressed so far. However, we have 
‘observed by XRD that the pore opening stil 
‘oveuts with no apparent loss of erystallinity after 
a few desolvation-solvation eyeks (fig. S17 to 
$20). Further investigations will be needed in 
‘onder to understand both the energetics and the 
eychbility ofthis breathing phenomenon, 
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Plastic Deformation Recovery in 
Freestanding Nanocrystalline 
Aluminum and Gold Thin Films 


Jagannathan Rajagopalan, Jong H. Han, M. Taher A. Saif* 


In nanocrystalline metals, lack of intragranular dislocation sources leads to plastic deformation 
mechanisms that substantially differ from those in coarse-grained metals. However, irrespective 
‘of grain size, plastic deformation is considered irrecoverable. We show experimentally that 
plastically deformed nanocrystalline aluminum and gold films with grain sizes of 65 nanometers 
‘and 50 nanometers, respectively, recovered a substantial fraction (50 to 100%) of plastic 
strain after unloading. This recovery was time dependent and was expedited at higher 
temperatures. Furthermore, the stress-strain characteristics during the next loading remained 
almost unchanged when strain recovery was complete, These observations in two dissimilar 
face-centered cubic metals suggest that strain recovery might be characteristic of other metals 


with similar grain sizes and crystalline packing. 


n evarse-erained metals, dislocation-mediated 
[ress ove plastic deformation, with 

the dislocations generated by intragranular 
sources. Dislocations propagating in intersecting 
sip planes ean interact with each other and, in the 
process, form new dislocations that are immobile. 
‘These immobile dislocations obstruct the passage 
(of other slip dislocations through these planes 


and harden the crystal, phenomenon commonly 
referred to as work hardening (/). 
Nanocrystalline metals, where the rain size is 
typically lessthan 100 nm, are expected to behave 
differently because the grain size is smaller than 
the characteristic length scales associated with 
nucleation and propagation of dislocations (2+), 
Experiments (5, 6) indicate that intragranular 


dislocation sources like the Frank-Read source 
cease 10 operate in nanocrystalline metals, 
although in situ transmission electron microscopy 
(TEM) observations of tensile deformation have 
shown dislocation activity, especially 
tips (7). The lack of dislocation sour 
in high strength and reduced plasticity in these 
materials (8, 9), although recent experiments 
(Z0) indicated that stress-assisted gratin growth 
during deformation can lead to enhanced ductil 
ity. Momistic simulations suggest that disloca- 
tions nucleated at grain boundaries (GBs) carry 
‘out plastic deformation in the sianocrystaline 
regime: once nucleated, these dislocations travel 
seross the grains andl are eventually absorbed in 
the opposite GB (7-13), Atomistic simulations 
and experiments also suggest that, at very smal 
gain sizes (~10 nm), GB sliding and migration 


become the dominant deformation mec 
and cause a reduction in strength (4-17) 
Although the behavior of nano 


‘metals during deformation has been investigated, 
their posideformation behavior has received litle 
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attention. We report an unexpected recovery of 
plastic deformation in sputter-deposited festand- 
ing aluminum and gold films afer unloading. Six 
aluminum specimens fiom two different waters 
(batches) and two gold specimens from a single 
waler were tested for this study, all of which 
showed plastic deformation recovery, The alumi- 
hum films were 200 nm thick, 50 to 60 jam wide, 
and 300 to 360 jim long; whereas the gold 
films were 200 nm thick, 12 t0 20 um wide, 
and. 18S yum long. TEM observations and eross- 
sectional scanning eketron microscopy (SEM) 
studies revealed an average grain size of 65 nm 
for the aluminum films, TEM observations, x-ray 
diflraction analysis, and eross-sevtional SEM 
studies of the gok! films revealed a strong [111] 
texture along the film growth direction anda meant 
grain size of 50 nm. The aluminum films typically 
had two to three grains akong the film thickness 
{aspect ratio of 1 1 1.5), whereas the gold films 
had three to four grains (aspect ratio oF 1 to 1.3), 
The specimens were microscopically stresffee 
uring the strain recovery, and the aluminum 
specimens showed strain recovery even at om 
temperature (RT), with the recovery rate increas 
ing with increasing annealing temperature. 

‘The fivestanding aluminum and gold speci- 
mens were cofabricated with a microeketr- 
mechanical system-based tensile testing chip 
capable of measuring stress and strain simulta- 
neously, This tensile testing chip is similar to the 
Inicrotensile stage eseribed in (/8); the ony 
ference is thatthe films in this case are deposited 
‘on Siand not SiO, The chip is loaded by a pica 
actuator that has a displacement resolution of 
(0.02 jm, and the entire setup is place in a scan 
hing ectron microscope for testing (/9). Thestrain 
and! stress resolution Were 0.008% and 10 MPa, 
respectively, for measurements on the aluminum 
specimens. For the gold specimens, the come- 
sponding values were 0.01% and 1.8 MPa. 

We measured the sires-stain curves (Fig. 1) 
{ora series of deformation recovery experiments 
performed on an aluminum specimen (specimen 
A). For all the experiments, the loading was per= 
formed at RT, and the annealing time was 7 min, 
‘except where indicated otherwise. The temper 
lure fluctuation during annealing was kess than 
'2°C° for all the results reported. Inthe first 


‘experiment (curve 1), the specimen was deformed 
to 1.38% strain, inducing a plastic strain (ep) 
of 0.65% During loaling, the specimen stated 
yielding around 330 MPa, where a marked 
‘eduction inthe stress-strain slope (compared with 
70 GPa in the elastic region) was seen. The spec- 
men abo showed strain hardening afier yiekling, 
as indicatcd by a positive, although reduced, 
postyiekling slope. The stresssirain characteristics 
‘seemed to be time independent, because no stress 
relaxation or encep was scen when the pico 
Voltage was held constant for S-min periods at 
various points during loading. This time indepen- 
dence was observed during all the subsequent 
loadings as well, However, fist relaxation pro- 
cesses if any. couk! have gone undetected if they 
\were occurring on time scales much shorter than 
‘our loading strain rate (~1 10% 5"), The strain 
rate was obtained by observing the displacement 
fof the sample ends directly thy using stain 
sensing gauges, labeled GI and G2 in fig. $1). 
Mier rapid unloading (strain rate ~ 1 = 
10° 5°}, the specimen was annealed at 100°C for 
15 min, which produced no noticeable recovery: 
‘The specimen was then annealed at 240°C for 
7 min, during which time it recovered 0.33% strain 
(0.Se9). Annealing at 240°C fora further 20 min 
did not produce any additional recovery. In the 
second experiment (curve I}, a plastic strain of 
(0.33% was induced so thatthe accumulated plastic 
strain was the sane as aller the first deformation. 
During Keating. the stress-strain characteristics 
were almost identical to those of the fint defir= 
imation, and the specimen eoversd the entire 
axkditional plastic strain on annealing at 220°C. 
Curve I shows the third foaging and recovery 
(recoverable plastic strain ty = 0.52%) upon 
annealing at 208°C. Atthough the yick! point 
remained unchanged, the specimen showed hanger 
Postyickling hardening as well asa larger fraction 
‘of recoverable plastic strain (yey ~ 02.7) com- 
pared with the fist experiment, which points to a 
link between work hankening and plastic defor- 
‘mation recovery, Further annealing at 240°C did 
not proxace any adkltional recovery. The fourth 
and ith experiments were performed! assess the 
Temperature dependence of strain recovery: the 
annealing temperatures were 120°C and 60°C, 
respectively. Curyes IV and V show that the 


recovery at 120°C is substantially langer (Gye = 
(0.4%) compared with that at 60°C (r= 0.24%), 
«xen though the ep is almost identical (ep ~ 04%). 
‘During the sixth experiment (curve VI, the speci- 
men showed notable residual work handening as 
the yield stress increased 1 395 MPa trom 330 
MP3, Moreover, a strain of 1% induced a plasic 
ssrain of only 0.23%, whereas in previous exper 
iments the plastic strain was ~0.3%, Thespecimen 
was then lefl at RT for 19 hours, during which 
time it recovered 0.25% strain, When the speci- 
‘men was loaded from this point, the deformation 
path was similar to curve Vi, confinning the 
presence of residual hardening in the absence of | 
full weeovery of tye. Upon annealing at 48°C, the 
specimen recovered 0.23% stain, In these ex- 
periments, the stress-strain measurements were 
done at fairly lange inerements of strain, because 
the stressstrain behavior of similar aluminum 
films had been well characterized in_ previous 
studies (20, 27). TEM observations of the spoci- 
‘men after deformation and anning at 240°C di 
‘ot reveal any noticeable change in the grain size 
‘compared to the ascfabricated sate (fig, $2). The 
findings presented were certified by similar ex- 
periments on other aluminum specimens, 

‘To verify whether plastic strain recovery o¢- 
ccurs in other face-centered cubic (fee) metals, 
‘we performed similar experiments (/9) on gold 
films synthesized by using the same technique: 
‘The gold specimens, like the aluminum speci- 
mens. showed no stress relaxation or ereep dur- 
ing loading in any of the experiments, Figure 2 
shows the strain recovery measurements on one 
fof the gok! specimens, In the first experiment, 
the specimen was deformed to 1.28% strain, 
Acading to a plastic strain of 0.7%, During koad- 
ing, the specimen started yielding at around 70 
MPa and showed substantial postyielding hard- 
ening. Afler unloading, the specimen showed no 
strain recovery when annealed at 100°C for 10 
‘min but recovered 0.35% strain (0 
annealing at 210°C. 
at 210°C did not result in any additional recov- 
ery. When the spocimen was loaded again, the 
stress-strain characteristics were very similar to 
the first lading. TEM observations showed 10 
grain growth during cither deformation or 
annealing, 
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Fig. 1. (A to ©) Stress-strain curves for deformation recovery experiments on 
specimen A (aluminum). A fraction of the plastic strain is recoverable, and, 
‘once that strain is recovered, the specimen shows no residual hardening 


during the next loading. 
in yield stress is seen during the next loading (curve VD. The dashed arrows, 
indicate strain recovery at different annealing temperatures. 


When recovery is incomplete (curve V), an increase 
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Ina thermally activated process, one would 
‘expect to see a substantial drop in the rate with 
reduction in temperature. But in the aluminum 
specimen (specimen A), annealing at 60°C and 
48°C produced very similar amounts of strain re- 
covery, Whereas the recovery at 120°C was sub- 
tially higher, This suggests that a fraction of 
strain recovery, possibly involving higher ac- 
tivation energy processes, is accessible only at 
high temperatures (100°C) within the 7-min 
annealing time. To test this hypothesis, we an- 
niealed a similar aluminum specimen (specimen 
B) at 240°C a priori and then deformed it 10 3 
plastic strain of 0.55%, We then observed the 
time dependence of recovery at different an- 
nealing temperatures (Fig. 3), The results indi- 
cate that a fraction of RT recovery (~40%) 
‘occurs very quickly, within a time period of 
about 400 s, whereas processes that are much 
slower (time constant ~ 10° s) dictate the rest of 
the recovery. Also, inereasing the temperature 
Teas to sharp spurts in recovery that saturate in 
short period of time. These observations suggest 
that the recovery process is govemed by a dis- 
tribution of activation energies and that higher 
temperatures help to overcome larger activation 
barriers faster, 


Oe os 08 12 ta 
Strain) 

Fig. 2. stress-strain curves for deformation re- 

‘covery experiments performed on a gold spect 

men. This specimen also showed substantial 

(50%) plastic strain recovery and no residual 

hardening during the next loading, 


Because bot the aluminum and gokd films 
were sptter-deposited and had similar eran sizes, 
we performed the sume experiment on two sputter 
posited aluminum lms of similar thickness 
(215 nm) but with amuch laneeraveraze erin size 
‘(180 nm) to check whether the strain recovery is 


deformed to a plastic strin of 055% However, 
these films showed no deformation recovery even 
when annealed at 220°C for 30 min, This ob- 
servation and the fact that similarly symthesized 
aluminum films, but with much smaller grain sizes 
(10 10 20 nim), show very lithe plasticity during 
deformation (22) suggest that the sain eoovery és 
restricted to a small range of grain sizes. We noted, 
however, that the lansc-grained (180 nm) alumi- 
‘num films had a columnar grain sinactur, unlike 
the films that showed recovery, which coukd have 
also caused them to behave vitferenty 

The experimental results reveal that the de- 
formation recovery is time dependent and that the 
process is thermally activated. Because the spoci- 
mens are microscopically stress-free when the 
recovery occurs itis likely that this process is 
driven by residual intemal stresses caused, per 
haps, by inhomogencous deformation during 
loading. Figure 4A. shows an enengy landscape 
that could govern the keading and unloading 
processes. During the initial stages of loading, all 


Fig. 3. Time evolution of 
strain recovery at different 
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the grains deform elastically, leading to homo- 
geneous clastic deformation strain (re). After a 
tical stress (the macroscopic yield point) is 
reached, some relatively lnmger or favorably ori- 
ented grains start deforming plastically, whereas 
thers still accommodate the strain elastically. 
This Ieads to increased compliance and be 
reduced but postive stress-strain slope. Dur 
this phase, plastic deformation proceeds with the 
‘overcoming of local enengy bariers. However, 
due to the inbomogencous nature of the defor- 
‘mation, intemal stresses build up inthe speciny 
As the external stres is increased, even relatively 
smaller or unfavorably oriented grains start de- 
forming plastically, eventually leading 10 ho- 
mogencous plastic deformation with near-zero 
stress-strain slope. The plastic strain in the speci- 
men hence is composed of pennanent plastic 
strain (yp) resulting from homogencous defor 
mation (no intemal stress buildup), and re- 
coverable plastic strain (eye), which oceurs 
during inbomogencous deformation, 

On unloading, ¢ is instantaneously recover 
able, whereas tp is completely imecoverable. py 
recovers over time, driven by the reduction in 
internal residual stresses. Because this. process 
involves the overcoming of local energy barriers, 
it exhibits temperature dependence as well, It is 
quite likely that the apparent strain hantening 
seen during loading in our experiments on both 


annealing temperatures for & * 
Specimen 8 (aluminum). oo —m 
‘About 40% of strain recov- amas 
ery at RT happens within & == 
400 5, whereas the rest of 0 eae 
‘the recovery takes much 

tine. The 
fake “ta ooae Soe we ae 
the temperate saturate in a Time (a) 


short period of time. These 


characteristics of the strain recovery indicate that it is thermally activated and that it may involve a 


distribution of activation energies. 


Fig. 4. (A) Energy landscape 
for loading and unloading. 
During loading, the strain is 
composed of homogenous 
elastic strain (c,), permanent 
plastic strain (eqp), and re- 
coverable plastic strain (ep). 
On unloading, r. is instanta- 
neously recoverable, and typ 
is completely irrecoverable, 
whereas ep recovers over time. 
fq per ANG pp Shown are for 
the unloading process. (B) 
Dynamics of dislocation atide. 
The dislocation is pinned at 
the ends by GB defects that 
act as barriers to its propa- 


‘gation during both loading and unloading. Depinning occurs through 
local atomic rearrangements arising from thermal fluctuations and 
leads to further propagation. During loading, the dislocation experiences 


deformation. 
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2 force due to the external applied stress, whereas after unloading the 
force arises from residual internal stresses caused by inhomogeneous 
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‘aluminum and gold is a result of inhomogencous 
deformation that encompasses eye. It would also 
explain why larger strain hardening kads to a 
larger fraction of recoverable strain, as seen 
during the third experiment on the aluminum 
sample (Fig. 1B, curve ID), In the figure, tye and 
gp are shown separately for the loading process 
merely to enhance clarity; these processes can 
‘occur simultaneously. 

‘A process that can lead to this kind of strain 
recovery can be visualized as follows. Consider a 
dislocation that has moved into the grain interior 
‘because of applied stress (Fig. 4B). The disloca- 
tion is pinned at the ends by GB defects that act as 
barriers to its propagation during both loading and 
unloading, During loading, the large extemal 
stress along with the themnal fuctuations allows 
the dislocation to overcome the barriers quickly. 
Ata given stres, once a barrier is overcome. the 
dislocation attains equilibrium, because further 
propagation would involve an “uphill rid,” that 
an inerease in energy duc to the positive slope 
‘of the energy landscape, During strain recovery 
after unloading, the residual internal stresses dive 
the dislocation back to the GB where it originated, 
But, unlike loading, the reverse motion of the 
n involves a “downhill ride” along the 
‘energy landscape, and hence it continues to move 
backward through thermally assisted depinning 
Until all the residual stresses are eliminated. 

‘Atomistic simulations (23) have shown that 
GB ledges, which act as pinning points, could 
hinder dislocation propagation and that depinning 
‘oveuts through thermal activation, keading_ to 
further propagation. Some experimental studies 
(24, 25) have also provided indinect evidence for 
such @ mechanism. It is quite conceivable that 
such dislocation pinning and thermally activate 
depinning is responsible for the temperature de- 
Pendence of recovery rate seen in our experiments, 
‘where, apart from GB ledges, impurities present in 
the GBs could alo act as pinning points. Toassess 
the impurity levels in the samples, we examined 
them in as-fabricated as well as annealed condition 
by using Auger electron spectroscopy. Both the 
asfabricated and annealed aluminum films (Fig. 
3) showed similar impurity levels, with a fairly 
large nitrogen content (~4.5%) and. smaller 
amounts of carbon and oxygen (<I% each). 
the 
impurity contents of as-fabricated and annealed 
‘gold samples, but both of them had nich less 
(<05%) compared with the 


aluminum films. In assessing the possibility of 


impurities acting as pinning points, itis worth 
noting that, although specimen A. didnot show 
any noticeable recovery at 100°C during the first 
it wecovered even at 48°C, alter it had 
undergone annealing at 240°C. This enhancement 
‘of recovery rate could be due to the reduction in 
pinning. sites caused by redistribution of GB 
impurities during high temperature annealing. 
‘The process described in Fig. 4B is just one 
possible strain recovery mechanism. One can 
visualize such thermally assisted strain recovery 


for plastic deformation resulting from other pro- 
cesses, like diffusion-assisted GB sliding and 
‘grain rotation. For example, it has been shown 
that an intemal stress fick! with cracklike sine 
‘gular stresses can develop when GB diffusion is 
bblocked by an obstacle in a thin film (26-29). 
Hence, if diftisivity i not uniform in all GBs in 
a thin film, ether because of presence of imp 
rities or because of inherent variations in the 
structure of GBs, deformation will result in 
heterogeneous GB diffusion. Such diffusion can 
‘cause Severe internal stresses to develop during 
Joading that can serve as driving force for plastic 
strain recovery 

Although there have been no previous re- 
ports of substantial (50 t0 100%) plastic strain 
recovery in nanocrysalline materials, investiga- 
tions on bulk nanocrystalline Ni (30, 37) have 
revealed that x-ray peak broadening duc to in- 
‘homogencous strain during loading is reversible 
‘upon unloading at RT but not at 180 K and that 
the additional broadening at 180 K disappears 
‘on warning to RT. Furthemnore, time-dependent 
recovery of rot mean square strain (32) and 
existence of small negative creep (-2% of total 
plastic strain) during strain dip tests (24) have 
also been reported for bulk nanocrystalline Ni 
‘These results, along with our observation of 
thennally activated strain recovery in thin films, 
suggest that there is a substantial thermal com 
ponent and an element of reversibility in plastic 
deformation of nanocrystalline fec metals, in 
‘both bulk and thin film form. 

Although both gold and aluminum are fee 
metals, some of their properties, such as 
stacking fault enensy (30 mJ m for gokl, 120 
mJ m? for aluminum), differ substantially. 
Furthermore, the gold films tested in this study 
ifler from aluminum films in the following 
aspects: (i) absence of native oxide layer on the 
surface, (i) presence of strong [111] texture 
along the film growth direction, and (i) samaller 
impurity content. Despite these differences, they 
show similar strain recovery characteristics, 
Which suggests that grain size dictates. strain 
recovery. Hence, itis reasonable to expect sim 
ilar behavior in other foe metals if they have 
similar grain sizes. 

‘The experimental observations suguest that 
strain recovery results from the combined elect 
‘of a small mean grain size and inhomogencities 
in the microstructure (variations in the size and 
orientation of individual grains and structure of 
GBs} the small grain size precludes intragran- 
ular dislocation sources, whereas variations in 
the microstructure lead to plastic deformation 
(through dislocations originating. from GBs) in 
relatively larger grains and elastic accommoda- 
tion in smaller grains. Upon unloading. this re- 
sults in inhomogeneous residual internal stresses, 
‘which drive the strain recovery. Hence, in ex- 
ploring plastic deformation of nanocrystalline 
metals, it might be necessary to consider not 
only the average size of the microstructure but 
also the inherent variations. 
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Discovery of Till Deposition at the 
Grounding Line of Whillans Ice Stream 


Sridhar Anandakrishnan, 


* Ginny A. Catania,” Richard B. Alley, 


Huw J. Horgan? 


We report on the discovery of a grounding-tine sedimentary wedge ("till deta") deposited by 
Whillans Ice Stream, West Antarctica. Our observation is that grounding-line deposition serves 

to thicken the ice and stabilize the position of the grounding line. The ice thickness at the 
grounding line is greater than that of floating ice in hydrostatic equilibrium. Thus, the grounding 
line will tend to remain in the same location despite changes in sea level (until sea level rises 
enough to overcome the excess thickness that is due to the wedge). Further, our observation 
demonstrates the occurrence of rapid subglacial erosion, sediment transport by distributed 
subglacial till deformation, and grounding-tine sedimentation, which have important implications 
for ice dynamics, numerical modeling of ice flow, and interpretation of the sedimentation record. 


S= ican bagel part oe gal 


() and long-term (2) 
changes in the basal speed of the 


tensive data sets on sediment transport are avail 


able for many modem mountain glaciers (3), 


allowing assessment of the effects of sedimen 


on ice dynamics. However, knowledge of sed 
iment fluxes from modern ice sheets remains 
much sketchier, We demonstrate that rapid 
sedimentation has been occurring at the ground 


ine of a modern Antarctic ice stream, and, in 
2 companion paper (4), we show that this sex 
mentation pl 
stability 


ss an important role in ice-sheet 
The large sediment fuses implied bby 


ur observations point 1 distributed deformation 
acial tll 


over a considerable thickness of suby 
andl thus toa deformation rate that 
a low power of the basal sh 


We conducted radar surveys from the 


floating Ross fee Shelf onto the 


rounded ive 
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Depth below WGS-84 


Fig. 11. Radargram along line ab from grounded ice (right) to floating ice 
eft). Abscissa is distance in kilometers from the farthest downstream 
position; ordinate is depth below the WGS-84 geoid. Flow is from right to 
left on the radargram (with a component out of the page) and from north- 
east to southwest on the map (inset) showing the study region. The map of 
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of Whillans lee Stream as par ofa linger study 
of the behavior of the West Antarctic Iee She 
We used a pulsed-radar and a resistively loaded 


enna, with a center fiequency of 2 


dipole 
Milas 


for receiving the rectum 


ry [see (5) for dk 


ene ails on the instrument) 


the line “ab 


location is shown on the 
the regi wn right (ki 
to left (kilometer 0) (with a smaller component 
of flow out of the py 
apparent in the rd 
echo and, between kilometer 2S and kil 


(whose rset 


0); ee flow Ws fi meter 25) 


). The mi 


n are the str 


17. strong second echo indicating the base 0 


acial We 
Numer 


basal crevasses. are 
the radargram (hyperbolic arrivals associated with 
the fine diflrack ulders), 
downflow of the line at kilometer 12 
line hocation 


apparent in 


sof the crevasse sh 


We determine the groundin, 


the drop in ice surface elevation = (10 m over a 


short distance of 3 km) and the coincident sli 


decrease in ive thickness fy (Fig. 2); the ive 


thickness change is io 


explain most 


‘of the surface drop, This “surface ramp" 


a change in bed slope and a marked increase 


addition, Globa 


basal crevasses. In psitioning 
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System (GPS) and strand-crack observations (6) 


are consistent with our interpretation of the 


founding line 
We infer that the subglacial wedge continues 
downstream of kilometer 17 to the grounding 
fine at kilometer 12, The abrupt temmination of 


dar returns from the base of the subglaci 


wedge (at kilometer 17) is likely a consequence 


tation beneath the ice from the 
sse at Kilometer 17, 


upglacie-most hasal cre 
As sketched in F 
crevasses on our line may be extensions of 
sned by tidal flex 


re of floating ice 
by 


relatively d 


ing line is embayed 


nse seawater injected along such a 


revasse during opening would subsequently 


drain downglacier along the ice-wedge inter 


face above the fresher pore waters of the wedge. 
The skin depth for seawater is on the order of 
10° m (7), so even a thin layer would effectively 
musk devper reflectors (A), 
that the subglacial we 


Thus, we su 


is present between 
kilometer 17 and kilometer 12, 

Converting the radar bastbecho time 10 fy 
[using a velocity 6; = 168 m st (9) and sub- 
tracting = (determined by differential 


GPS measurements), we calculate bed eleva 
Fig. 2) 
the wedge and the grounding zone before drop- 
ping abruptly (7 m over 2 km, fom kilometer 
14 to kilometer 12) at the grounding ling, The 


tion The bed rises: gradually along 


bed drop is coincident with the rapid drop in 2, 
np”) of 10 m, 


(surface 

To characterize the properties of the wedge 
We measure both the polarity of the 
and the return power P, (in dB) [defined as 


10 logy 1/(a~ mf Lr Pat), wher 


is time, (0 is the echo amplitude, and (12 — 14) 
is the duration of the echo, which is very sim. 
ilar to.a threc-humped Ricker wavelet (/1)] for 


its top and bottom, 

The basal echo is of reversed polarity along 
the whole line, which indicates that the permit 
reater than 


tivity of the subglacial material is. g 


Vv 


20 3 a 


Antarctica is oriented with the Greenwich meridian directed upward, and the 
location of Whillans Ice Stream is indicated by the white dot. On the right 
of the radargram, a single radar trace (from the location marked with triangles 
on the radargram) is plotted to illustrate the Ricker-wavelet-tike form of the ce- 
bottom’ reflection and the phase change of the reflection at the wedge bottom. 
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that of ice (Hor ice, we use a pemnitivty value 
of e; = 3.2), The echo fom the base of wedge, 
however, is of nomal polarity, which shows 
that the permittivity of the material beneath the 
‘wedge is lower than that of the wedge. 

The reflection off the base of the wedge is 
about 12 dB less than that off the top of the 
wedge (Fig. 4). The difference in bed retum 
power AP, varies almost linearly with wedge 
g a straight line to the data n= 
6.7At— 7.2, where Ais the 160 
Way travel time through the wedge. Assuming 
that the power loss at the base of the wedge is 
independent of distance along the wedge, we 
find that the attenuation within the wedge is 

6,7 © 4 dB is! and that the power loss at the 
base is -7.2 + 2 dB (where the uncertainties 
correspond to one SD). 

We iject the hypothesis that the wedge 
consists of free water because the hydrologic 
potential H= pay + Pieles ~ 35) decreases no 
lably along the wedge (where py and py are ive 
and water densities, respectively, and g is gravi- 
tational acceleration), For a water body’ that is 
this large {ie,, many ive thicknesses along flow 
and at Ieast a few ice thicknesses actoss flow 
(D). the hydrologic potential would be con- 
stant. In addition, both salt water and ground- 
Water have high electrical conduct 


Fig. 2. Surface elevation 2, 
(upper curve) and bed elevation 
2p (lower curve) along line ab. 
Note that the two elevation 
scales are different and that 
there is a discontinuity between 
them. Abscissa is the same as in 
Fig, 1. 


Fig. 3. Cartoon illus- 
trating the subglacial 
wedge. (Left) Map 
view of the region 
showing the radar line 
‘crossing the grounding 
line from grounded ice 
to floating ice. (Right) 
ross section along the 
radar line. The wedge 
is well-imaged for part 
of its length, but ends 
abruptly when basal 
crevasses begin to ap- 
pear. We suggest that 
the wedge continues 
beyond the apparent 


would lead to a much greater attenuation than 
that observed. We reject the hypothesis that the 
wedge is basal aceretion ice because of the lange 
absolute reflection coeflicient at the top of the 
wedge (/2), which is only slightly lower than 
the reflection from the ice shelf. Finally, we re- 
ject the possibility that this feature is an artifact 
such as sideswipe (13), because the reflection 
Polarity is opposite to that of the primary bed 
reflection: sideswipe would have the same po- 
larity as the bed. 

In Table 1, we estimate the attenuation for 
sediments with varying porosity, We include 
fresh water and seawater for reference. We also 
calculite the reflection coefficient for the as- 
ssumad wedge fill over a oek with e* = 66, where 
is the real part of the electrical permittivity 
[the “unfrozen bedrock” case of Peters et al. 
Un). 

‘The measured attenuation data, AP, are best 
explained by a wedge fill consisting of an un- 
frozen till ayer with low-electrical-conductivity 
almost fresh) water in the pores. We cannot 
distinguish between low- and high-porosity 
sediment with this technique, but borchole 
measurements farther upstream on this glacier 
have found that porosity @ = 45% (/5, 16). For 
case of a sedimentary fill, the radar wave 
speed is ¢= eo/Ve = 70m ps for e” = 18 


Ross Ice Shelf 


termination but can only speculate on its extent (illustrated by question marks). 


(unfrozen till; Table 1), and the maximum 
thickness of the wedge is 31 m (where co 
mys is the speed of light in a vacuum). 
The imaged volume of the wedge is on the 
order of 10° m? per unit width, perhaps a 
similar volume obscured by seawater down- 
glacier of kilometer 17, including material 
inferred beyond the grounding line. The 
grounding-line position has probably been 
stable near the present position for a mil 
‘ennium (7). Hence, deposition of the wedge 
has resulted from a sediment Mux on the 
order of 10 m? nv" a! 

The wedge that we observe matches closely, 
in size, shape, and setting, with the numerous 
‘wedges on the floor of the Ross Sea beyond the 
Ross lee Shelf (18, 19). Those wedges: were 
deposited at the edge of the continental shell 
at the Last glacial maximum and during retwat 
across the continental shelf Those relict wed 
are typically tens of kilometers long and tens of 
meters high. The wedges occur in troughs that 
‘were occupied by ice-age extensions ofthe mod- 
«em ice streams, with a trough-mouth wedge and 
fone to three retreat wedges along each trough, 
(No information is available on the possible 
occurrence of additional retreat wedges. be- 
neath the floating Ross Ice Shelf.) Available 
sampling indicates that the wedges in the Ross 
Sea are composed of diamicton, which «: 
be distinguished fom water 
shelf sediments (20), and that 
zone wedges contain the sediment that was 
transported within the subglacial deforming till 
layer" (19), 

Megascale glacial lineations on the up 
cier sides of the Ross Sea wedges show that 
streaming persisted during deposition and that 
the Wedges exerted dra on the flowing ice. 
The wedges sit on the Ross Sea Uncontormity 
that eroded during glacial advance and thus w 
deposited during the glacial maximum (shelf 
alge) and retreat of the ice. Any wedges asso- 
ciated with the glacial advance or with earlier 
lacial cycles have been extensively modified or 
removed and_no longer preserve their topo- 
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‘graphic form. Similarly, upglacier of our fickd 
: prograding beds are observed that are likely 
to have originated fom an carer grounding 
Tine wedge but are without preserved wopo- 
‘gmaphic expression (2/) 

‘Our modem observations, together with the 
observations of deglacial features, provide sev- 
eral insights to ice-sheet flow and the coupled 
sedimentary system, The modem grounding line, 
just beyond the erest of its wedge, occurs where 
the bed fills away rather than where the 
thins enough 10 allow its flotation over a nearly 
horizontal bed. The ice just upglacier of the 
‘grounding line is substantially thicker than that 
nealed to allow flotation, owing to the restraint 
fiom frition with the wedge. We show in a 
companion paper (4) that this is a necessary 
result of sub-ice-shelf sedimentation and serves 
to stabilize the grounding-tine position. This 
phenomenon also allows deposition of a discrete 
Wedge rather than the spreading of deposits 
more unifomly over a broader area 

The implied sedimentation mate for the 
modem wedge requires long-temn erosion rites 
beneath Whillans Kee Stream and its catchment 
‘of just over 0.1 mm a”', substantially smaller 


Fig. 4. (Top) AP, be- 
tween the top and 
bottom of the sub- 
glacial wedge plotted 
st At, A linear fit 
through the points is 
shown. (Bottom) Plot 
of the residuals be- 


‘than those for actively eroding mountain gla- 
cicts but still notable as compared to. many 
subserial situations (22, 23), Erosion is likely 
concentrated in restricted places where basal 
melting occurs over poorly consolidated sedi- 
mentary substrates, Erosion in these regions 
then would be sufficiently rapid to matter to ice 
sheet evolution over multiple ice-age cycles. 
The sediment flux implied by our observa- 
tions likely points to transport dominated by 
distributed deformation over a considerable thic 
ness (lens of centimeters oF more) of subglacial 
till, averaged over the past millennium. Steady- 
state meltwater fluxes for the West Antarctic I 
Sheet are incapable of transporting such lange 
‘quantities of sediment, Dilute debris likely exists 
in a baval ice layer ~10 m thick, frozen onto the 
‘base of the ice stream (75) froma through-eong 
Water system. Debris concentrations are poorly 
Known in this layer but are probably on the or- 
der of 3% oF les, based on limiting values re- 
ported in (24) for presumably comparable i 
‘beneath the neighboring Kamb lee Stream. The 
{grounding-zone melt rate in this area has been 
cetimated as “0.05 m a! (25), based on model 
ing that assumed docper water than what is 


tween the data and 
the fit, 


Table 1. Calculated attenuations (exp(-2nAtf tan 8) in 


is for radar frequency 


where tan is the complex part of the electrical permittivity and is related to absorption] and 
Teflectivity at the base of different wedge fill materials. fw, fresh water; gw, groundwater. The 


‘complex permittivity is given by © 


(1 ~ 7 tan &), where i is the square root of ~1; we determine 


e’ and tan 6 from equations 24 and 25 of (29). This range encompasses reasonable glacial till 
values (indicated by the “a” superscript in the tan 6 column). We assume that the material below 


the wedge is unfrozen bedrock with e° = 6.6. 
Wedge fill, Permittivity tan 6 Attenuation _—_—Reflectivity 
e (48 ns (ae) 
Unfrozen tll (45% fw) 30 err =10 
Unfrozen till (25% fw) 18 Atos -10 
Unfrozen till (15% fw) 2 a0 -5 4 
Unfrozen till (40% gw) 18 89 + 
Fresh water 80 a -25 
Groundwater 80 -1s2 -25 
Seawater 7 10° 26 
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locally present, which likely overestimates the 
heat transport and melt rate. The modeled melt 
rate would give an estimated sediment flux to 
the wedge (from the melting off of the debris in 
the ice) that is nearly an onder of magnitude t00 
small 10 exphiin our observed deposit, 

Existence of subglacial tll deformation is 
supported by two obscrations beneath West Ant- 
arctic ice streams ( 
sediment on the order of 150m? mv! at, 
though with considerable scatter in the results 
Our observation is consistent with these mea- 
surements. Finally, the de 
subglacial til may provid 
law” relating strain rate to stress in the material 
‘Sustained high stress is expected to collapse de- 
formation to a surface (27). Considerations. of 
measured profiles of sediment propentics with 
spt indicate thatthe deformation suaface would 
be at or very close 10 the base of the ice, where 
ice velocity would be largely decoupled from 
the stress supported on the basal sediment 
(Coulomb-plastic behavior) (27). However, pro- 
cesses perhaps linked to dilataney and the 
non-steady response to tidal forcing can allow 

nore-distributed deformation and strain rave 

increasing as a low power of stress (27, 28). 
Hence, the deposit that we observe and the older 
depesits on the Ross Sea oor point 10 sub- 
lacial till deformation distributed across a 
considerable depth and thas to a low stress 
exponent in the sediment flow law 

Our observations overall show that the iee- 
sheet flow and sedimentary processes indicated 
by very-shorsterm measurements under ice 
streams (/5), and by geological observations 
of deglaciated regions (/9), have continue! 
cover intermediate times, The sediment transport 
is intimately linked 10 the lubrication allowing 
ive-siream persistence, The sediment deposition 
serves to stabilize the grounding line, which 
has numerous implications (4). 
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Effect of Sedimentation on Ice-Sheet 
Grounding-Line Stability 


Richard B. Alley,* Sridhar Anandakrishnan,* Todd K. Dupont,*? 


Byron R, Parizek,** David Pollard* 


Sedimentation filling space beneath ice shelves helps to stabilize ice sheets against grounding-tine 
retreat in response to a rise in relative sea level of at least several meters. Recent Antarctic 
‘changes thus cannot be attributed to sea-level rise, strengthening eartier interpretations that 
warming has driven ice-sheet mass loss, Large sea-level rise, such as the =100-meter rise at the 
‘end of the last ice age, may overwhelm the stabilizing feedback from sedimentation, but smaller 
sea-level changes are untikely to have synchronized the behavior of ice sheets in the past. 


heets both cause an! respond to sea-level 
I hanges. Lange, rapid ice-sheet fuctuations 

have occurred in the past () and may recur, 
but the relative importance of different causes 
remains uncertain, Here we show that sexfimenta- 
tion beneath ice shelves at grounding Hines (whore 
fice begins to float) provides substantial stability 
against ice-sheet advance or retreat during. sea 
level changes of up toa few meters or more. Such 
forcing fiom sea-level change occurs on the same 
time seale as docs sedimentary stabilization, point- 
ing to other environmental controls as being e+ 
pecially important to ice sheets 

In 1905, R. F. Scott reported evidence of 
the geologically recent shrinkage of the Ant- 
aretic lee Sheet, despite persistently cold con- 
ditions (2), Scott suggested that more snow fl in 
44 Warmer past explained the lager ice sheet at 
ie. Subsequent evidence showing the 
mehrony of northern anxd southem ice 


had experienced larger ice sheets when the 
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southem climate was colder and drier disproved 
com's hypothesis. 

Many workers (3) instead came to accept 
Penck’s argument that sea-level rise from the melt- 
ing of nonthem ice shoots had driven the Antarctic 
ice w retreat (9). Kee-shiect synchronization by 
smaller sea-level changes linked to enrich events 
‘or other millennial events has also been frequently 
‘proposed (/). However, simple sea-level control is 
inconsistent with sparse data indicating that, after 
‘an initial retreat from the oxter shelf (3), akltional 
Antaretic shrinkage was delayed until near the end 
Of the northemdriven deglacal sea-level rise (6). 
Sea-kevel control is also inconsistent with the ob- 
servad slowing of Antarctic ice-tream motion in 
response to rising tide (7, 8). 

‘Sedimentary stabilization of nonoating tide- 
water glaciensis well known (9: Tal, stexp-sed 
sediment boxties deposited between ive and water 
rexhice iceberg calving. ce lowing from large 
sheets more typically forms floating ice shelves, 
deposited beneath the grad- 
ually sloping ice-shelf base. Our mode! results 
and the observations of (70) show that such sedi- 
mentation abso serves to stabilize the grounding 
Fine and thuss to prevent ice-sheot shrinkage in re= 
sponse to a small (=10 m) seadevel rise. Penck’s 
hypothesis (4) may sill be valid for ice-sheet 
response to a larger sea-level rise (=1000 m); how= 
ever, Our resulls together With recent evidence that 


ice shelves respond sensitively to ocean temper= 
ature changes and quickly propagate the respense 
{inland (1), point to the greater importance of other 
avironmental variables, especially subs ice-shelt 
temperature 

Going fiom the grounded West Antartic lee 
Sheet to the floating Ross lee Shelf, the upper 
surface typically drops =10 t0 25 mn in a ramp 
extending over a few kilometers, which is much 
scoper than the slope upglacier or downglacier 
U2). Where data are available, this surface- 
elevation drop is not caused by thinning of the 
Jee, as might occur from strong basal melting near 
the grounding line, nor fom the effets af basa 
crevassing or nearsurfice density changes (/2) 
Instead, the surface-clevation ram results mrtinly 
from a comesponding ramp in basil topography 
“Thuis, the onset of flotation isnot caused printaily 
bby a downglacier thinning of tee wo the flotation 
caiterion, but more by a downglacier drop in the 
evation of the ghicier bed. This contributes tothe 
observed stability of the grounding-tine positon 
‘over many decades (/2) and to the iee-stream 
slowdown in response to rising tide (7. 8), 

Available data indicate that the topographic 
step in the wlacier bed was formed by the recent 
deposition of primarily subglacially transported 
sediment. As shown in (/0), a sediment wedge 
occurs just upwlcier of the grounding line of 
‘Whillans Ice Stream, and this wedge is remarkably 
similar to the numerous tilldominated deposits 
formed at the grounding line of the extended ice 
sheet during its retreat fiom the continental-shell 
alge as the list ce age ended! (/3), Observations 
are available from beneath the grounded por 
tions of two active ice streams (Whillans and 
Bindschadlley) feeding the Ross Ice Shelf, and both 
showed deformation of soft tills (4); although 
the deformation is probably discontinuous in space 
and time (14), notable sediment transport resus 
‘The geology near the grounding zone of the Ross 
Joe Shelf has not been mapped in detail, but 
available data indicate that the ice flows, along 
faul-controlled basins containing poorly consoli- 
dated Tertiary and perhaps Quatemtary sediments 
(U5), 1t is highly unlikely that the sedimentary 
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epost discovered by Anandakrishnan et al. (10) 
is. localized feature and thatthe topographic step 
is caused by an unknown transverse geologic 
stnicture extending across the entire Ross lee 
Shelf, except where surveyed by Anandakrishnan 
etal. (10), Instead, sedimentary control of most or 
all ofthe grounding fine is highly likely, with the 
available data supporting wedge formation within 
the troughs of modem and past ice streams (13). 

Using three different ice-flow models labeled 
Dr (Dupont), Pk (Parizck), andl Pd (Pollard) for 
their lead developers (//, 76, 17)} including lon- 
sitdinal as well as basal shear stesses, we have 
assessed the effect of sub-ie-shelf segmentation 
fon an ive-streamvice-shelf system. The models 
‘were run for a coupled ice-streannce-shelf con 
figuration approximating Whillans fee Stream and 
the adjacent Ross Lee Shelf across the grounding 
fone Wedge. In some runs, ice-shelf burtresing 
Was prescribe, offsetting much of the spreading 
tendeney at the grounling line. After reaching a 
steady state with a flat be, the mode! ieestrean 
ice-hell’ system was perturbed by instantancously 
adding a wedge of sediment similar to the 3-m- 
high wedge observed by Anandakrishnan et af 
(10), with the same basal fiction as beneath the 
preexisting iee stream (/8), The evolution 10 3 
ew steady state was assessed while the geom- 
etry of the sediment wedge was held constant 
The reponse of steady-state configurations 10 
instantaneous sea-level change was simulated 
With and without grounding-2one wedges. 

‘The frictional drag from increased ive 
sediment contact with the addition of the wedge 
slows and thickens the ice above, which in tum 
causes the geometric effect of the wedge 10 
become important and to further restrict the ice 
flow (Fig. 1). The resulting grounding-tine 
advance beyond the crest of the wedge causes 
flotation to occur where the bed falls away 
Inatching observations at the modem grounding 
Fine, whereas without the wed, flotation occurs 
‘where the ice thins sufficiently 

In all of our models, searlevel rise in the 
absence ofa wedge causes the grounding line 
to retiwat from its initial position because the 
reduction in basil tition from the flotation of 
previously grounded ice is more important than 
the increase in back pressure from the deeper 
\water. The wedge causes the ice above the wedge 
crest to thicken to well above the flotation level: 
small instantaneous sea-tevel rise then causes very 
small grounding-line retreat toa new position that 
still Hes beyond the erest of the wedge and well 
beyond the no-wedge position. Larger sea-level 
rise (=5 m or more) causes the ice to loat free 
of the wedge and to reach the same steady state 
asin the no-wedge ease (Figs. | and 2) 

Larger wedges have greater ice thickness 
above Motation levels at the wedge erest and so 
require larger sea-level rise to force the grounding 
Tine upelacier of the wedge crest. However, as 
shown in Fig. 3, the dependence of the resistance 
‘on the wedge height or length is steeper for smaller 
wedges than for langer ones. Furthermore, if the 


wedge volume grows ata constant rate, the wedge 
height and length will increase more rapidly at first 
and more slowly later. Both eflicts combine to 
produce a more rapid increase in resistance at carly 
stages of growth than a ter stages (19) 

Stiffer wedges (those with greater frictional 
resistance for a given basal velocity) also re- 
quire larger sea-level rise to force the ground- 
ing line upglacier of the wedge crest (Fig. 2) 
We expect that at east portions of a wedge will 
often be stiffer than the surrounding no-wedge 
regions, The stecpened icelair surfice slope 
that develops in response to friction from a 
wedge (Figs. 1 and 4) will steepen the sub- 


Fig. 1. Effect of grounding-tine deposition 
(Pd modeD, Dashed lines show the steady 
ice-stream profile in the absence of a 
‘grounding-tine wedge, and sold lines show 
the wedge and the corresponding steady 
‘ce-stream profile. The wedge causes the 
‘ce to thicken, the grounding tine to 
advance past the wedge crest, and an 
inflection point to form in the upper sur- 
face at the upglacier end of the wedge, 
which might serve to increase water stor- 
age there, 


Elevation (m) 


Fig. 2. Grounding-tine stability in the Pk A. 


(solid lines) and Dt (dashed lines) models, 

Ice lowes from eft to right nthe absence 

cof a wedge, the grounding ineisat km 4 
on this aie. The Pkand Dt experiments g 
ate not identical because of elects ofthe 
underlying model physics on the keshell # 
‘and wedge geometry, but the experiments 

‘ate roughly comparable, and the results 

‘are clearly qualitatively identical and 
{quantitatively similar. The ability of the 
‘rounding line to retreats greatly limited 

by the constant-thickness boundary condi- 
tion at the upglacier ef end of the 
model domain; additional experiments 


with the same boundary condition applied gB. 


farther away from the grounding line show 
much greater sensitivity to perturbations 
when the grounding line & upglacier of | & 
the wedge, and they emphasize the sta- 
bilizing influence of the wedge. (A) Re- 
‘sponse to sea-level rise. Adding the wedge 
moves the grounding line to 10.1 km, and = 
increasing the stiffness of the wedge (the 
frictional resistance for a specified sliding 
velocity) by an order of magnitude moves 
the grounding line to 10.5 km. Sea-evel 
rise causes retreat in all cases. However, 
the wedge causes the orounding-line 
retreat to be small up to some limit, 
beyond which the behavior is identical to 
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glacial hydrologic-potential gradient and speed 
the flow of subglacial water, reducing water 
storage and pressure and thus reducing the 
lubrication of ice motion by sliding or till de- 
formation (20). Consideration of our numerical 
experiments with stiffer wedges and of the 
additional stabilizing effget that would occur 
from sedimentation during sea-level rise a or- 
inary rates suggests to us that a sea-level rise of 
>=10 m may be required to force retreat from the 
wedge deposited beneath Whillans lee Stream 
‘over the past millennium oF $0 (10), 

Additional simulations of grounding-ine 
‘wedge interactions reveal a rich range of behavior 


30 
Distance (km) 


the no-wedge case. The stiffer wedge requires a higher sea-level rise to reach that limit. (B) Response toa 
reduction in buttressing. Initial buttressing opposes 69% of the spreading tendency of the ice shelf at 
the grounding line. A 6% reduction means that buttressing opposes 0.94 x 69% = 65% of the 
spreading tendency, A reduction of ~25% is required to cause retreat from the stifer wedge. 
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(Fig. 4), Steady gsounding-fine positions on the 
upelacier side of a wedge were not simutsted, 
consistent with the theory that such solutions are 
unstable (21). Migration of the grounding. line 
across. an otherwise horizontal bed is. strony 
influenced by any wedges encountered (22), The 
advance of the grounding line toa wedge crest ts 
accelerated, but advance beyond the wedue rest 
ive to the no-wedye case. Simiary, the 
Tine lingers on the downglacier side of 
¢ during reteat and then races off of the 
upglacier edge. Under some circumstances, an 
advancing ice shelf has a more gradual basal slope 
than the upelaci Fa wedge, causing ice 19 
bridge across water and ground on the wed top, 
ith the possibilty of tapping water subglacially 
if the transverse geometry is favorable (23) 

Our models show that the thickening of over 
Iying ice in response to sedimentation stabilize the 
rounding-line position against sea-level rise oF 
buttressing reduetion, and we infer that the exta 
thickness will tend to stabilize against any edher 
‘environmental perturbation. Even a few ecnturies 
‘of sedimentation typically shoukt provide stability 
against sudden sci-level rise from an ou 
food or surge of plusible-magnitude from anoxter 
ice shevt, 0 scarlevel change that is sullicintly 
large to control grounding-tine positions. will 
'ypically occur through noncatastrophic processes 
a usual rats (on the onder of 1 en/year oF Kes) 
‘over several hundrad to thousands of years An iee- 
thickness change of 1.1 m hats the same effect on 
trounding-line flotation as docs a sea-kvel rise of 
1m, bu this effect can be achive! more rapidly 
Uhrexigh sustained changes in snow oF temper 
‘ture, (Abhough stight warming causes very lithe 
surfice melting in cold places, such as Whillans 
{ce Stream, a 1°C change can inerease the surfice 
melt rate by many’ fens of eentimeters per year in 
ons, such as some south-Creentand 
‘outlet glaciers.) 

‘Changes in ice-shelf buttressing may be espe- 
cially flective in overcoming the stabilizing effet 
ing-line sedimentation. As shown in Fi, 
5% eduction in butressing has about the same 
influence on the grounding line as doss a S-an rise 
level for our reference case. A S-an sea-level 
typical rate ofthe last 
years at 20th-century ates, 
Under some circumstances, a $% de 
tressing willbe achieved by an 
ieeshelt nerating side draw 
‘cause the hasal melt rate of ee shelves is observed 
to increase with water temperature by ~10 m 
year" C"1(26), even a fairly subtle perturbation in 
‘water temperature can cause a change of >S 
buitressing over years or decades. As an exte 
‘example a much larger change oacured in afew 
weeks during 2002 forthe Larsen B lee Shelf (27). 

Grounding-2one sedimentation appears to be 
\widespread to ubiquitous under major ice streams 
that contro ice sheets (28, 29). Any near-tillstand 
‘of a grounding fine (from an encounter with 
provsisting basal high or narowing of a to 
fom time changes in has lubrication, ice-shelf 


imeking, oF other environmental conditions) will 
be stabilized by sedimentation, except under 
special circumstances. In tum, because of spatial 
Variability in sedimentation rates and_physio- 
‘graphic variations between ice-strcam troughs, 
any gwounding-fine retreats that are forced by sea- 
level rise are likely tobe asynchronous for diferent 
ice shovts o different sectors ofa lange ie sheet. 
Penck’s hypothesis that Northem Hemisphere 
ice-sheet melting drove Antarctic ice-sheet retreat 
at theend of the ie age (4) may be accurate [also 
see (30)}, with the delay in Antarctic retreat after 
the onset of sea-level rise being linked to sedi- 
mentary dynamics. though our results indicate 
that sea-level changes of a few meters are un- 
likely to substantially affect tee-shcet behavior, 
100-m changes should have considerable eflects 


3. Effect of wedge height on re- 
sistance to grounding-line retreat (blue) 
‘and on the time requited for wedge depo- 
ition (red) in the Pd model. In this case, 
simulations were run for wedges having an 
uupglacier slope of 0.001, a downglacier 
slope of 0.01, and heights of 0, 4, 8, 12, 
‘and 16 m with corresponding lengths of 
0, 4, 8, 12, and 16 km, respectively. The 
thickness of ice above the wedge crest 
Which provides the resistance to grounding 
line retreat, increases with wedge size; 
however, the increase in ice height above 
the flotation level is slower than the in- 


ea abowe Rotation at wedge crest (m) 


However, sea level may exert the primary control 
fon the ice sheet only if there és multimillennial 
Stability in the other variables that aflect 
shexts more quickly, such as water temperature 
under ice shelves. Because oceanic temperature 
probably changed with the devlaciation, perhaps 
finked o the return of North Atlantic Deep Water 
to the Southem Ocean (37), we c 
sible that ice-shelf changes contributed 
dominated grounding-line retreat in some sectors 
of the ie sheet. Regardless, our results show that 
synchronous behavior of ice sheets with active 
sedimentary systems on millennial time seales is 
unlikely to indicate ice-sheet tcleconnections via 
sca level and instead probably indicates common 
limatic forcing, which demonstrably can have 
and rapid effects on ice sheets. 


‘ | ERS Py 
Wedge length (en, wedge height (m) 


crease in wedge height, so earlier increments of wedge growth are more effective at stabilizing the 
‘grounding line, especially as successive height increments take longer to form ifthe sediment supply is 
‘constant. (The time depends on the sediment flux and s0 is plotted in relative units.) In comparison, the 
‘effect of doubling the stiffness of an 8-km wedge is also indicated. Similar experiments in the Dt model 
yield comparable trends but somewhat smaller height above the flotation level. 


. . 
Distance (hm) 


0 w 4 


Fig. 4. Time-dependent response to instantaneous insertion of a wedge (Dt mode). The final (Fn) 
‘geometries of the surface and bed are shown at the top, and the icelair surface elevation (in meters) as a 
function of time and distance is color-coded. le thickness was held constant at the upglacier end (O km, 
left. Most of the response to the insertion of the wedge was completed in ~=20 years. 
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Permissive and Instructive Anterior 
Patterning Rely on mRNA Localization 
in the Wasp Embryo 


‘Ava E. Brent, Gozde Yucel, Stephen Small, Claude Desplan* 


The long-germ mode of embryogenesis, in which segments arise simultaneously along the anterior- 
posterior axis, has evolved several times in different lineages of the holometabolous, or fully 
‘metamorphosing, insects. Drosophila’ long-germ fate map is established largely by the activity of the 
dipteran-specific Bicoid (Bcd) morphogen gradient, which operates both instructively and permissively 
to accomplish anterior patterning. By contrast, all nondipteran long-germ insects must achieve 
anterior patterning independently of bcd. We show that bed's permissive function is mimicked in the 
‘wasp by a maternal repression system in which anterior localization of the wasp ortholog of giant 
represses anterior expression of the trunk gap genes so that head and thorax can properly form. 


the highly conserved segmented insect 
| body plan is achieved by great flexibility 

n developmental mechanisms. In the 
ancestral short-gern mode of embryogenesis, 
head and thorax arise from the eze’s posterior, 
and absominal segments emerge progressively 
from a posterior growth zone. By contrast, in the 
more derived long-germ mode, all segments form 
simuliancously in a syncytial environment, with 
head and thora at the ege’s anterior. Lony-germ 
development has evolved several times in dif- 
{erent holometabolous insect lineages (/), inelud- 


New York University, Department of Biology, Center for 
Developmental Genetics, 100 Washington Square East 
New York, NY 10003, USA 

“To whom correspondence should be addressed. Ema: 
cd@nueds 


ing the Diptera of which the mast extensive! 
studied member is Drosophila melanogaster 
(Dm). A morphogen gradient of Bicoid (Bod) 
protein, formed by translation from a material, 
amteriorly localized mRNA. source, establishes 
the Drosophila body plan. Embryos derived fro 
‘bed mutant mothers lack head, thorax, and some 
abdominal segments (2, 3). 

Despite its critical role in patterning the Do- 
sophia long-germ embryo. bed is distinctive 10 
the higher Diptera (4). Thus, all other insects, in- 
cluding long-zemn nondipterans, must employ a 
bad-independent mechanism to accomplish sez- 
mentation, To identify such a mechanism, we in- 
\estigated anterior patteming in the hymenopteran 
parasitoid wasp. Nasonia vitrppernis (Nv) (5). The 
‘embryonic fate map of this independently evolved 
(6) long-germ insect is essentially identical to that 


of Drowphila, except that it is formed in the ab 
sence of fed. We previously showed that in the 
early Nasonia embryo, ed's momhogenctic 
activity is performed by onthexlenticle! (Niall). 
the otholog of the Drusophila hel tryst ene, 
Dan-oud (3). Although stictly zygotic in Drosoph- 
‘a, Nv-onll mRNA is maternally provided and 
Jocalized w both oocyte poles, resulting in bipolar 
otein gradients, The anterior Nisoud/ gradient 
regulates expression of zygotic head and thontcie 
‘zap genes, including the Nasonia orthologs of the 
‘ead targets, giant (tan hachback (Hb) (3). 

In addition to instructively. activating the 
zones that pattem the head and thors, ud also 
functions permissively in Drosophila to indirectly 
xpress posteriorly acting genes, suc as the trunk 
sap ents, that would otherwise inhibit anterior 
development (7). We show here that Navona ac 
cormplishes this task by further employing mater- 
tal mRNA localization to position a repressor of 
trunk development a the anterior, thereby allowing 
formation of the head and thors 

In the Drosophila embryo, the gap gene 
Kniippel (Dm-Kr) is expressed in a broad central 
stripe (Fig. LA) and is required for formation of | 
thoracic segment 1 (TI) though abdominal 
segment S (AS) (8). The positioning of Ar and, 
hence, of the trunk, is established by hed and the 
terminal system: in embryos derived fom ddd 
‘mutant mothers, the Dm-Kr- domain broadens 
and shifts anteriody (Fig. 1B) (7, 9). beds 
~zyzotic targets, Dm-h and Dmg, mediate this 
regulation; in single Dm-hh (7, 9 or Dm-gt 
mutant embryos (Fig. 1C), Dm-Kr shows slight 
anterior expansion (/0), and in embryos mutant 
for both, Dm-Kr’s anterior shift is comparable to 
that seen from loss of bed alone (17), However, 
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Fig. 1. Regulation of Kr in Drosophila and 
‘Nasonia, Om-Kr expression in embryos that are 
wild-type (A), lacking Dm-bed (B), mutant for 
Dm-gt (C), or lacking Om-bed and Om-tst (D). 
(E) Wild-type or (F) Dm-bed:ts! cuticle. Cellular 
blastoderm expression of Mv-Kr in wild-type em- 
bryos (G) or after Nv-ofd1 RNAI (H). 


Din-Kr does not reach the anterior tip of the em- 
bryo because onal repression by the termi- 
nal system: in embryos kicking Acd an forsolik 
(Din-tsd, DineKr expands throughout the anterior 
(Fig, 1D), resulting in embryos with as few as four 
abdominal segments (Fig. 1, E and F) (7). 

To determine bow the Nasonia emir’ trunk 
is positioned, we isolated the Nusonia onholog of 
‘Av anal foun that twas expressed in a central ap 
Hike domain (Fig. 1G). To confirm that N\-Ar was 
acting as & gay gene, We Knocked! down Nek 
Using parental RNA interference (RNA) (5, 12) 
and observed a gap phenotype: loss of T3 and AL 
to M4. We hypothesized that beetuse Visor per 
forms other fed functions, the ord? anterior 
morphogenetic gradient might be functioning to 
position MA: However aller Nisoal? RNAI, we 
found that although isk expanded posterior. 
the anterior boundary was unaffected (Fig. 111) 

We next asked whether one of hed's zygotic 
zap gene targets could be implicated in Nik 
anterior boundary formation, Our analysis of 
Nivgr revealed an essential role in repressing 
Nike: In Drosophila, Dm-gt is expressed in two 
regions, posterior stipe ated 
anterior domain (13). Nisgr expression in cellu 
larized embryos was similar (Fig, 2E): however, 
We found Nivgr expressed! maternally at earlir 
stages. In ffeshly Ind embryos, M-gr mRNA 
‘occupied a broad anterior gradient, with highest 
Jeyels a the anterior pole (Fig. 2), This domain 
persisted through pole cell formation (Fig. 28) and 
syneytial blastoderm stages (Fig. 2C), intensifying 
at the onset of eellularization simuttanecusty with 
the appearance ofa posterior cap, marking com- 
mencement of zygotic expression (Fiz. 2D). Dur 
ng. celulsrization, Niver expression resolved into 
ic anterior and posterior spy domains (Fig 
regulated by N-ot! (3). To von 
n that the early Nisgr expression we: had ob- 
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Fig. 2. Expression of matemal and zygotic Ni-gt 
during Nasonia oogenesis and embryogenesis. 
‘Maternal Nv-gt mRNA in freshly laid embryos (A), 
during pole cell formation (B), and in the syncytial 
blastoderm (C), Zygotic N-gt expression at onset 
‘of cellularzation (D) and in the celular blastoderm 
(©), Maternal anterior localization during oocyte 
development (F to H). 


we examined 


setved was materns chambe 
and detected Nv 


1o the anterior pole (Fig. 2G), ultimately assuming 
tight anterior localization pattem (Fig. 21). 

Having exablished that Nisgr is matemally 
provided and anterior ko 
to determine its role during 
do 
arrested withthe same phenotype: complete loss 
‘of head and thoracic (T1-T3) segments (Fig. 3, A 
and B). In addition, AG and A7 showed fusions 
and defctions duc to loss of posterior 2 
(Fig. 3B). Anterior defects wen 
lier stages in knockdown embryos: analysis 
of engruiled (Niven) revealed anterior trunca- 
tions (Fig. 3. C and D), whereas Ultrabithorax: 
Abdominal (Ub ANA) expression showed 
that all remaining tissue was abdominal (Fig. 3 
Eand F). The Meg RNA anterior phenotype was 
more severe than that of Din-gr ull mutations 
Which anterior defects ane limited to loss of labial 
and labral structures (73), By contrast, knockdown 
of Negt resembled the allabomtinal phenotype 
‘observed in Drosophila embryos lacking both bed 
and Din-tsl (Fig. IF). 

In Drosophila, it has been shown that Dinet 
and Dark mutually repress cach other, a reli 
tionship that defines the embryo's center (/0, 11). 
To determine whether Ni-gt also regulates Nr 
we examined MA expression in Nivgt RNAI 
‘embryos and found dramatic expansion of NK 
to the anterior poke (Fi and 11), indicating a 
major role for Nisgt in setting the Misr anterior 
boundary. Moreover, loss of zygotic Neg? alone 
id not resall in anterior Ni-Ar expansion. As noted 
‘earlier, the anterior Nir border was unaflccted by 


Fig. 3. Knockdown of N-gt in Nasonia result in 
anterior deletions. Wild-type (A) and Nv-gt RNAI 
{B) cuticles Yellow arrows indicate spiracles on T2, 
‘Al to A3. Expression of Nv-en (C and D), Nv-Kr (G 
and H), and Mv-hby (and }) in wild-type (0, (6), 
and ()]. and Nv-gt RNAi (0), (H), and ()] embryos. 
‘UbwAbdA protein expression in wild-type (E) and 
‘Mgt RNAi (F) embryos. 


Nvoull RNAi (Fig. 1H), wheneas zygotic Niet 
Was eiminatod (5). Thus, maternal Ny-grappecrs to 
te the main repressor of NvsA?, mimicking, boxh 
‘eu and the temninal system in Drosophila 

The absence of head and thorax alter Naver 
RNAi Was also similar to the phenotype of the 
Nasonia zygotic hb mutant headless (14), To 
investigate this comrelation, we examined zygotic 
Niwhh expression after Ni-gr RNAi and observed 
Joss of the anterior Nivhh domain (Fig, 3, Land), 

zzesting that the anterior deletions seen in 


Aiver RNAI embryos were caused by loss of 


ated Wo 
-mally 
nierior 


zygotic Ni-hh. Our observations wen 
models for Niet function: Either 
localized Ni-gr activates expression of 


rincipally acts as a repressor (75), we favored the 
second model, hypothesizing that Niki might be 
the hbveepressor (Fig. 4A), In suppor of this model, 
\we observed that the anterior and posterior zygotic 
Nish domains expanded toward the center in 
Nir RNAi embryos (Figs, 31 and 4), This 
double-repressor model for head and thorax pat- 
teming circumscribes matemally localized Niet 
fimetion solely to the repression of Nv-Kr 

To test this model, we asked whether ex- 
pansion of Ni-Kr into the developing head and 
thoracic region causes deletion of those seg- 
ments. If $0, we would expect to see anterior 
patterning restored in embryos lacking Vi-g/ and 
Misr. As a control for double RNAi, we ex- 
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gt ————> hb ——> ree morax Al 


Fig. 4. Repression of NKr by maternal Nvgt is 
required for head and thorax formation in Nasonia, 
(A) Two models for matemal Ni-gt function. Cu- 
ticular analysis (B, D, and F) and Mv-Abyg expression 
(CE, and G) after knockdown for Mv-Kr((B)and (C], 
‘Neegtsafp ((D) and (E)], and Ni-gt+eKr (F) and (G) 


Nogr and green fluorescent protein (fp) anxd 
observed the expected Niegr phenotype: deletion 
fof head and thorax, as well 
No-hb expression (Fig. 4, D and E). Knockdown 
fof Megr and MAP yielded striking results. In 
92% of examined embryos, the head and thorax 
© estore (Fig. 4F), and the result 
phenotypes were essentially lente 
after MAr RNAi alone (Fig. 4B), 
‘Consistent with rescued head and thorax devel 
‘opment, anterior zygotic Nish was also restore, 
although not to wildtype levels (Fig. 4G). None- 
theless, the amount of Ni-/h presemt in Niet Ar 
RNAi embryos was sufficient to direct head and 
thorax. development, demonstrating that NisK 
expansion impedes anterior patteming and that 
mmatemally localized Nv-zt confines: M-KP tothe 

nbryo’s center, Thus, whereas in Drosophila 
hed-aetivated Din-et plays only a moxtrate role 
in positioning Nv-Ar (Fig. 1C), in Navona, ma 
ternal Nv-2¢ is sufficient to perform this func- 
tion. This distinction led us to consider whether 
Din-wt's sole in Drosophila woukl be enhanced 
it the Drosophila embryo we 
develop like Nason with Dnt 
provided and anteriorly localized, We found tha 
whereas Din-er was sufficient to repress Din-Kr 
anteriorly in the absence of hed (fig. SIB). 
head and thoracic structures. were not rescued 
(ig. $1C)—an unsurprising result given that, 
addition to permitting anterior development by 
regulating Avsrepressing gap genes, fei! also 
funetions instructively to activate genes required 
for head and thorax formation, In Nasonia, by 
contrast, the instructive and permissive anterior 
patteming functions are diserete. Headl-snd thorax 
ie wemes are triggered by an instructive 
anterior determinant, maternal Nisotd Wh 
localized independently of the permissively acting 

atemal repression system, Niet 

A. comparison of the molecular mechanisms 
nplayed by two independently evolved (6) lo 


1 those 
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gen insects not only uncovers those features es 
sential to this developmental mode but also sheds 
Tight on how the Aexsdependent anterior patieming 
Program might have evolved. Through analysis of 
the regulation of the trunk gap gene Kr in Dre 
sophila ad Nasonia, we have been able to dem- 
fonsirate that anterior repression of Kr is essential 
for head and thorax formation and is a common 
feature of ton ie Both insects 
accomplish this task through matemal, anteriorly 
localized factors that either indirectly (Drosophila) 
‘or directly (Nasonia) repress Ar and, hence, trunk 
fates. In Drosophila, the terminal syst 

regulate expression of gap ones incladin 
that repress Dm-Kr. Nasomia’s bed 
embryos must salve the san 


system in which matemal Nig is localized to the 
oocyt's anterior, where it represses MAir: In the 
dipteran lineage, whereas gf retained the ability to 
repress Ar, mutemal regulation of Kr's position 
Was taken over by two novel features fed, a spe- 
innovation, and the terminal pathway, 
although present ancestrally, appears to 
function less extensively in the anterior of non- 
dipteran insects (16, 17). In addition to activating 
anterior patteming genes such as ofd and ib, Ieud 
also acquired regulation of gf, which became a 
strictly zygotic gene with a reduced role in repress 
ing Kr. Our findings thas identify two independent 
mechanisms for long-germ antenor patieming 

sing two matemally localized genes, ol and 
Af, that respectively activate anterior zygotic pat- 
wg genes and repress trunk fates, ana second, 
using fd for these same functions, thereby de- 
moting otf and gt to zygotic gap genes, Interest 
ly. it appears that Jong-germ emibwyers use RNA 
miber of different developmen 
tal processes (5, /8, 19). By contras, in short-germn 
insects, although some keealized RNAs have been 
identified, there is as yet no evidence of th 
tribution to anterior-posteior patteming (20) 
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mRNA localization indeed appears to be a 
important component of long-genn embryo 
sis, perhaps even playing a role in the transition 
fiom the ancestral short-gomn to the derived lon, 
germ fit, 


rene 
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Emergent Biogeography of Microbial 
Communities in a Model Ocean 


‘Michael J. Follows,"* Stephanie Dutkiewicz,” Scott Grant,?? Sallie W. Chisholm? 


‘A marine ecosystem model seeded with many phytoplankton types, whose physiological traits were 
randomly assigned from ranges defined by field and laboratory data, generated an emergent 
‘community structure and biogeography consistent with observed global phytoplankton 
distributions. The modeled organisms included types analogous to the marine cyanobacterium 
Prochlorococcus. Their emergent global distributions and physiological properties simultaneously 
correspond to observations. This flexible representation of community structure can be used to 
explore relations between ecosystems, biogeochemical cycles, and climate change. 


nt challenge in understanding 
the changing carth system is to quantify 


lobal carbon cycle. The structure of 
microbial communities in the surface ocean is 


in the 


known 10 regulate important biogeochemic: 
pathways, including the efficiency of export of 
‘ommanic carbon to the decp ocean. Altho 
there is extriondinary diversity in the ocean: 
the biomass of local microbial communities 
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any location is typically dominated by a small 


subset of strains. Their relative fitness and eco- 


system community structure are regulated by a 


variety of factors, physical condi 
tions, dispersal, predation, competition for re 
sources, and the variability of the environment 
(2-3). Models reflecting this conceptual view 


have been examined in idealized ecological 


settings (4) and have been applied to studies of 


terrestrial ecosystems (5), We have used this 


approach in a marine ecosystem model that em 
braces the diversity of microbes and their ge 
nomic underpinning 


of possibilities and, thus, mimics aspects of the 
process of natural sekxtion. The systems is flexible 
enough to respond to chan, 
ronments and ean be used to int 
af marine microbial comms 
critical Tinks between marine 


ecosystem structure, global biogeochemical 
eyeles, and climate change 
Recent ocean models have begun 0 resolve 


community structure by the explicit repre 


sentation of three or four classes, oF function 

roups, of phytoplankton (6-9), but significant 
challenges remain (10, 11). First, the specifica 
tion of functional groups and diversity of the 


model ecosystem is subjective and somewhat 
arbitrary. Second, it is difficult to evaluate the 
parameters controll 


such models. because 
from 
Third, 
observations of microbial community structure 
With which to evaluate global-scale models are 


quantitative Hogical informatio 


Tabora 


phys 
ny cultures is extremely limited 


still relatively sparse, Finally, model evosystem 
structures optimized 10 reflect today’s ocean 
may not be sutficiently dynamic to adapt ap- 


propriately to a changing climate where radi: 


shifts in community structure might be possible 


To circumvent some of these difficulties, we 
formulated a marine ecosystem mode! that repre 
seni «large number of potentially viable phyto- 
plankton types 


hose physiological characteristics 
were determined stochastically. The initialized 
onganisin types interacted with one another and 


their environment, evolving into sustainable evo- 


system where community structure and diversity 


‘Were not imposed, but were emengent properties 

The eeosystem model consisted of a set of 
coupled prognostic equations (eqs. SI to $5), 
With idealized representations of the transforma: 
tions of inorganic and organic forms of phos: 
phonis, nitrogen, iron, and silica, Many tens of 


phytoplankton types (here 


78) were initialized 
shed by 
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lites and the values of 


its physiological capab 


coefficients that control th 


ities of 
vided by rando broad a 
sd by labor nies table $1), 
We focused these choices on light, temperature 


SI), the niche 


metabolic processes. These Were pro. 


and nutrient requirements ( 
dimensions for phytoplankton the 


imporant in f 


the approach, we also specifically addressed 
that differentiate Pr 


func ‘hlorncoceus spp. 
from other phytoplankton, including their small 
size and inability to assimilate nitrate. Other 
functions could be emphasized depending 


the aim of the study. Ecological trade-offs were 


mposa throug ly simplified 
(SOM)]. To reflect the ¢ 


Using nitrate, relative to other inorg 


energetic expanse of 


increase slightly when nitrate was not the major 


we (12), Organisms incapable of 


utilizing nitrate were given a slightly lower nu- 
twient half-saturation. We explicitly represented 


classes of grazer and, for the 


action of heten we used a 
simple remineralization rate (SOM). 
A global occ 


by observ 


ophic microbes, 


ied flow fick’s and 


mixing coeff transport all biokog 


Fig. 2. Annual mean 
biomass and biogeog: 
raphy from single in- 
tegration. (A) Total 
phytoplankton biomass 
(aM P, 0 to 50 m a 
age). (B) Emergent bio- 
geography: Modeled 
photo-autotrophs were 
categorized into four 
functional. groups; color 
coring is according to 
‘group locally dominating 
annual mean biomass. 
Green, analogs of Pochlo- 
rococcus; orange, other 
small_photo-autotrophs; 
red, diatoms; and yel 
low, other large phyto- 
plankton. (C) Total 
biomass of Prochlorocac: 
‘cuss analogs (aM P, 0 to 
50 maverage) Black line 
indicates the tack of 
AMT 
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and chemical tracers. All phytoplankton types 


lentical distributions of 


were initialized with 


biomass, and the model was integrated forward 
for 10 years, over which time a repeating annual 
gycle in ccosystem structure emerged. We we: 


ation 10 times, each time with & 
phytoplankton phys 


peated the integ 
different random selectic 


iologies, forming an ensemble of 10 members. AL 
though cach ensemble member produced unique 
emergent coasy: 


tem, the broxd-scale patterns of 
tivity, community structure, and biogeogra 
bust across all 10, Global patterns of 
1A), primary produc 


n biomass (F 
tion, and nutrients (fig. $3) were qualitatively con. 
sistent with in situ and remote observations. The 


ensemble mean globally int 


This small 


Production was 44 


ons Cpe 


sandud deviation of less than 5' 
standard devia 
plankton “types” 
ernergent solutions and also reflects the 
regulation by the physical wansport of nutrients 


1 suggested tht sufficient phyto 
were initialized for consistent 


After an initial adjustment, the biomass of 
some phytoplankton types fell below the thresh 
old of numerical noise, and these types were 
assumed to have become "extinet.” In all ensem 
ble members, about 20 phytoplankton types ac 
ted for almost all of the total global biomass: 


$2), We classified the phytoplankton types 


into four broad functional groups, each a 


composite of several types, acoonding to aspects 


of their physiology: (i) diatom analogs lange 
phytoplankton that require silica, (ii) other large 
ote, (ii) Prochloroeoccus analogs —simall 


phytoplankton that cannot assimilate nitrate, and 
{v) other small photo-autotrophs, The large-scale 
biogeography of the emergent phytoplankton 
community was plausible with respect to obser- 
vations (Fig. 1B) and consiste 


‘ensemble members. The model successfully eap- 
tured the domination of annual biomass by large 


where both light 
ally plenifl, The subtropical oceans were domi 
nated by small phytoplankton functional types 
(UM), Lange areas of the tropics and subtopics 
were dominated by several Prochlorwcoccux 
analogs (Fig. IC), also in aceord with observa 
tions (75. 16), Along the eruise track of At 
antic Meridional Transect 13 (AMTI3) total 
Prochloracoceus abundance (the sum of all 


Prochlorvcoccus analogs) qualitatively and quan- 
titatively reflected the major features of the ob- 
served distribution with highest abundances in 
the most oligotrophic (nutrientdepleted) waters 
(U5, 17)(Fig. 2A wD). 

Realworkd Prchlorococcus exhibit 
diversity, which leads o differences in Hight and 
temperature sensitivities (17-20), as well as ni- 
tiogen assimilation abilities (2/). The strains, or 

soccus exhibit distinct pat 

ocean graicnts (15, 17), 
2EG, 

‘decal test for the stochastic 
ent model ana- 
ws of Prochlormcorcus rellect the geographic 
distributions, relative abundances, and physio 
logical properties oftheir wal-world countearts? 
Of the Prochlorcexcus analogs initalid in 
ich med! solution, between three and six var 
nts persisted with significant abundances (fig 
S4). We grouped the analogs by defining three 


catypes, of Prochlon 
tems of abundnce alony 
and observations on AMT13 (17) (F 
|. and K) provide 


Fig. 2. Observed and modeled properties along the AMT13 cruise track. Left column shows 
observations (17), right column shows results from a single model integration. (A and B) Nitrate 
(umot kg“); (€ and D) total Prochlorococcus abundance [log (cells mt]. (E.G, J, and K) 


vertically. (F, H, and }) The three emergent model ecotypes ranked vertically by abundance. Model 
Prochlorococcus biomass was converted to cell density assuming a quota of 1 {9 P cell-* (27). Black 


lines indicate isotherms. 
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“model ecotypes” based only on distinet geo 
graphic habitats, without regard to physiolo 
which had a qualitative resemblance to the ob- 
served distributions of ecotypes along AMTI3. 
In any ensemble member, more than one emer- 
gent Prochlorococcus analog may fall into a 
particular model-ccotype classification, and some 
were ambiguous. Model evotype me! (Fig 2F) 
was defined 10 include i analous with 
jcamt biomass in the upper 
transect between 15°N and 15°S, qualitatively 
corresponding to the habitat of real-world ¢¢o- 
type eMIT9312 (Fig. 2E). Model ecotype me? 
(Fig. 2H) included analogs that had significant 
biomass in surface waters polewands of 15° but 
Jow biomass within 15° of the equator, broadly 
reflecting eMEDS (Fig. 2G). Finally, model eco- 
type m-e3 (Fig. 2) was defined to include ana 
Jogs that had a subsurface maximum biomass, in 
common with eMIT9313 and eNATLIA (Fig, 2, 
Tand K). The observed widespread distribution 
of deep maxima with Jow abundance associated 
with cMIT9313 and eNATL2A was not clearly 
reflected in the model analogs, This might be 
‘explained by the tendency toward ui 
complete cor 
system models (22, 23), prectudin 
populations at tow abunda 
slay 


petitive exclusion typ 


persistent 
isa deep, 
model made up of 
ws, small phytop! 
partially reflect a contribution trom 
-ailizing Prochlorecoccus, Which hive te 
cently been infeed from ocean observations (24), 
‘but which have not yet been seen in culture 


1, The 


opt (yin ms 


Fig. 3. Optimum temperature and light inten- 
sity for growth, Tope and loge, of all initialized 
Prochlorococcus analogs (all circles) from the 
ensemble of 10 model integrations. Large 
circles indicate the analogs that exceeded a 
total biomass of 10° mol P along AMT23 in the 
20th year. Colors indicate classification into 
‘model ecotypes (see main text): Red circles, m-e2; 
blue circles, m-e2; green circles, m-e3. Mixed- 
‘olor and solid black circles denote ambiguity in 
‘model-ecotype classification. Bold diamonds indi- 
‘ate real-world Prochlorococcus ecotypes (red, 
eMiT9312; blue, eMED4; green, eNATL2A; and 
yellow, eMtT9313). 
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Within each ensemble member, emergent 
model ecotypes typically followed the abun- 
dance ranking of their geographically identified 
reakworld counterparts (Fig. 2 and fig. $4) 
Moxlel evotypes me! and me? ranked first and 
second (compare these with eMIT9312_ and 
eMEDS, respectively), with me consistently at 
lower abundances (compare this with ecotypes 
eNATL2A and eMIT9313). 

‘There is a simultancous correspondence 
between the physiological characteristics of emer- 
gent, modeled ecotypes and cultured represent- 
atives of the wild population, Each cultured 
strain of Pmehlorococeus and the emergent 
model ecotypes from all 10 ensemble members 
‘were characterized by aan optimal temperature 
(Toye) a8 photon Aas (ly) for growth, the tem- 
perature oF light intensity at which growth rates 
fare greatest if all other limitations are set aside 
(ig. SI), Potentially viable Prachlorececets ana- 
Jogs were seeded in the model over wide ranges 
‘of optimal temperature and photon fluxes (all 
circles, Fig. 3), but those that maintained signif= 
icant abundances along the AMT transct (sold 
linge circles, Fig. 3) were all characteriasd by 
Tue > 15°C. This is consist with the observa 
tions of Prchloracoccus in warmer waters and 
With the warm Toye of cultured strains (17). Our 
eet indicates that the oligotrophic conditions 
confined Prochlorneocets analogs to warmer wa 
ters and selected for warm Tiyan emergent “axl 
aptation” driven by other environmental factors 
In the cooler waters of the model nutrients are 
'ypically abundant, and so larger phytoplankton, 
\with higher intrinsic maximum growth nies, have 
an advantage. Inthe highly oligeerophie (typically 
warmer) regions, the Prchlorcoects analogs’ 
lower halfsaturation (consistent with their very 
small size) is advantageous, 

Across the ensemble of 10 integrations, the 
_kcographically defined moet ecotypes were clus 
tered in optimal temperature and light parameter 
space (Fig. 3); Model exotype me? (red circles) 
enerally occupiad the warmest area of paramcter 
space over a broad, upper range of optinal pho- 
tom fuses: me? (blue circ) generally had a 
lower Toy but similar range OF fog This is con 

i With their surfice-oriented habitats and 
Fatitudinal (or temperature) separation. In con- 
trast, mee (green circles) occupied a wider 
range Of Tay, but only in the region of lowest 
Jogos Consistent With its expression of subsurface 
maxima, Although there were exceptions, the 
clustering of geographically defined mod! cco- 
types in physiological parameter space indicated 
that robust ecological controls were operating 
across the 10 integrations. The physiological char- 
acteristics (Toye loys) Of reakworld ecotypes 
(colored diamonds, Fig. 3) are notably consistent 
\with the grouping of their model countexpats. This 
correspondence was not imposed, but emerzed 
as a feature of the model solution 

Significantly, there was simultaneous con- 
sistency between the geographical habitat, rank 
‘abundance, and physiological specialization of the 


‘emergent Prachlormcaceus model ecotypes and 
thir real-world counterparts. These parallels indi- 
ccte that the stochastic, selEorganizing represen 
tation of marine ecosystems reflects real-world 
processes and is suitable for application in eco- 
logical and biogcochemical studies. This approach 
circumvents some of the obstacles facing most 
current ceean ecosystem models, such as the a 
Priori imposition of low diversity, the prescrip- 
tion of dominant functional types, and the dif- 
ficulty of specifying the physiol 
coetficients that define them. This fu 
based approach ean naturally evolve to exploit 
the growing body of genomic and metagenome 
data mapping the oecans in terms of genes and 
their encoded physiological functionality (25, 26) 
Finally, because the ecosystem structure and 
function are, by design, emengent and not tightly 
prescribed, this modeling apprcach is ideally 
suited for studies of the relations between marine 
ecosystems, evolution, biogeochemical cycles, 
and past and future climate change. 
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Cascading Effects of the Loss of 
Apex Predatory Sharks from a 


Coastal Ocean 


Ransom A. Myers,” Julia K. Baum,™* Travis D. Shepherd,” 


Sean P. Powers,” Charles H. Peterson™* 


Impacts of chronic overfishing are evident in population depletions worldwide, yet indirect 
‘ecosystem effects induced by predator removal from oceanic food webs remain unpredictable. 
‘As abundances of all 11 great sharks that consume other elasmobranchs (rays, skates, and small 
sharks) fell over the past 35 years, 12 of 14 of these prey species increased in coastal northwest 
Atlantic ecosystems. Effects of this community restructuring have cascaded downward from the 
cownose ray, whose enhanced predation on its bay scallop prey was sufficient to terminate a 
century-long scallop fishery. Analogous top-down effects may be a predictable consequence of 


eliminating entire functional groups of predators. 


ators can be farseaching (/) and include 


E== impacts of eliminating wp pred- 
release of mesopredator prey populations 


fiom predatory contol (2) and induction of 
subsequent cascades of indirect trophic interac- 
tions (3-5). In the oceans, fishing has dispnopor- 
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tionately reduced abundances of apex preda- 
tors (6, 7), eliciting concer about their con- 
servation and the indirect effects that might 
‘ensue fiom their removal. Despite a rich cco 
logical fiterature on trophic cascades, conse- 
quences of removing oceanic apex predators 
remain uncertain (S-1/). Although some have 
argued that in complex marine food webs with 
many interacting species top-down elects may 
attenuate (0, 1), fundamental constraints. on 
ie food webs and apex predators 


fects. We met this challenge by using @ unique 
compilation of time series data_and predator 
exclusion experiments to investigate ecosystem 
consequences of functionally eliminating apex 
predatory sharks. 

ploitation of large (2m) sharks has in- 
tensified worldwide in recent decades, driven by 
an upsurge in demand for shark fins and meat 
(2) and in bycatch in many fisheries. Data to 
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assess direct impacts of exploitation on the great 
sharks are limited but consistently indicate that 
they have been driven to low levels (12-14), 
Whether functional elimination of great sharks 
also induces indirect ecosystem effects, how= 
ever, is an open question (/4). 

We hypothesized that weakened top-down 
control by all clasmobranch-consuming. sharks 
could increase abundances of their elasmobranch 
[prey (rays, skates, and small sharks) and that the 
cenfianced predation by these _mesopredators 
might cascade to lower trophic levels. Because 
mesopredatory elasmobranchs are relatively 
large, even as juveniles, and are thus consumed 
almost exclusively by great sharks (U5), we 
inferred that these prey would be the most likely 
affected. Moreover, interannual variability in 
clasmobranch populations is minimal because of 
their low reproductive rates, such that changes 
flected by predator removal should be de- 
tectable in time series data, We tested these 
hypotheses for 1970-2005 on the United States” 
eastem seaboard between Cape Cod, Massa- 
cchusetts (41.5°N) and Cape Canaveral, Flori- 
da (28°N), 

For each clasmobranch, we modeled pop 
Jation trends in each of several data sets and also 
in a meta-analysis to yield synthetic estimates 
of rates of change (15), We first assembled all 
available species-specific data from scientifi 
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research surveys that began before 1990 and 
wed standardized methodology. Seventeen sur- 
Veys, which together cover the eastem U.S. 
coast (fig. SI), met these eriteria (lables S2 
and S3; mean time span ~ 28 years). Trends in 
relative abundance of each elasmobranch were 
timated by fitting generalized linear models 
(GLMs, table $4) to each survey in which the 
species appeared in at least 3 years, Because 
not all great sharks were sampled in surveys 
and because the U.S. pel line fishery 
‘covers a much greater proportion of the sharks" 
northwest Atlantic ranges, trends for these spe- 
cies also were estimated from this 
observer and logbook data (by fiting 
ized lincar mixed models and GLMs, respec- 
tively (15). 

The caster seaboard’s longest continuous 
shark-targeted survey (UNC), conducted annu= 
ally since 1972 off North Carolina, demonstrate 
sufficiently large declines in great sharks to im 
ply their likely functional elimination, Declines 
in seven species range from 87% for sandhar 
sharks (Carcharhinus plumbeus), 93% for 
blacktip sharks (C Zimbarusy, up to 97% for 
tiger sharks (Galeocerddo cuvier, 98% for scal- 
Joped hammetheads (Sphyrna lewin 
‘or more for bull (C.feucus), dusky (C, obscurus), 
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Fig. 1. Change over time in species at each trophic level as estimated from individual 
data sources: great sharks (top), elasmobranch mesopredators (middle), and bivalves 
(bottom). The top and middle graphs show trends in relative abundance [overall trend (solid li 
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‘and individual yearly estimates (=)] of great sharks (UNC survey) and elasmobranch meso- 
predators (survey acronyms as in table S3) estimated from GUM. The trend in North Carolina bay 


scallops (National Marine Fisheries Service landings) is shown with a loess curve from a gen- 


eralized additive model. 
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situated where it intercepts sharks on their 
seasonal migrations, these trends in abun- 
dance may be indicative of coastwide popala- 
tion changes. The UNC survey also showed 
the loss of the largest individuals, with de- 
cclines in mean lengths of blacktip, bull, dusky, 
sandbar, and tiger sharks of 17 to 47% (ig 
$3), suggesting that overexploitation has left 
few mature individuals in these populations, 
The remaining four elasmobranch-consuming 
great sharks were caught too rarely to detect 
trends trom this survey. Two of those, great 
white (Carcharodon carcharias) and sand tiger 
(Carcharias taurus) sharks, were each caught 
‘only once and early in the UNC survey (in 
1974 and 1978, respectively). The only survey 


that has caught enough sand tigers to note a 
trend targets sharks in Chesapeake Bay and 
suggests a decline of over 99% between 1974, 
and 2004 (15, 16). 

Consistent with the UNC survey, all but one 
of the other six significant survey trends indicate 
decreasing great shark abundances (table $5). 
‘The only significant increase is for juvenile 
hammerheads from a single survey and conse- 
quently may reflect recently increased survival 
after losses of their only predators, larger apex 
predatory sharks. Accordingly, metsanaly 
results portray a consistent pattem of declines 


Fisherics data from the past 2 decades help 
confirm losses. of clasmobranch-consuming 
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Instantaneous rate of change in abundance 


Fig. 2. Instantaneous rates of change in relative abundance (+95% confidence intervals) for (A) 
‘great sharks and (B) elasmobranch mesopredators, as estimated by random-effects meta-analyses 


Of research survey (m) and fisheries (a) data. 


zgreat sharks (Fig. 2A), Logbook data show de- 
lines between 1986 and 2000 ranging. from 
40% in makos [predominantly shortfin mako 
Usurus oxyrinchus)] to 89% in hammetheads 
[scalloped, great (S. mokarrun), and. smooth] 
(23) (able $5), Trend estimates from observer 
data collected between 1992 and 2005 differ 
fiom logbook data for tiger sharks (after a 
decline, this species may have recently in- 
creased) but are concordant for all other spe= 
cies: Makos declined moderately (38%), whereas 
large coastals (genus Carcharhinus, including 
dusky, sandba, blacktip, and bull) and hrammer- 
heads declined by 67% and 76%, respectively 
(table $5), 

Concurrent with reductions in great sharks, 
their mesopredtory elasmobranch prey have in- 
creasad along the eastem seaboard. This group 
(of 14 rays, skates, and small sharks is taxonomi- 
cally diverse (seven families) and includes de- 
mersal and pelagic species fiom estuaries and 
the inshore coast to the continental shelf and 
slope. Individual surveys indicate that ttle 
skate (Leucoraja erinacea), Atlantic. sharp= 
‘nose shark (Rhizoprionoxlon terracnovae), Ch 
catshark (Seviiorhinus retfer), and smooth but- 
terfly ray (Grmmura aluvela) populations may 
have each increased by about an order of magni- 
tude (Fig. 1), Overall, meta-analyses of research 
survey data reveal increases over the past 16 t0 
35 years for 12 of the species, with estimated 
‘mean instantaneous rates of increase ranging 
fiom 0.012 for bullnose eagle ray (Mutiobatis 
Jreminvilli) wo 0.228 for smooth butterfly. ray 


Most conspicuous (/7) among the increasing 
mesopredators is the cownose ray (Rhinaprera 
onasus). Six of seven surveys covering the 
USS. Atlantic population's range (southeast 
Florida to Raritan Bay, New Jersey, with re= 
cent expansion to Long Island, New York) show 
significant increases (Fig. 1 and table S$), 
‘Together, these rates of change (mean = 0.087, 
98% confidence interval 0.021 to 0.127) (Fi 
2B) indicate an order-of-magnitude increase in 
cownose rays coustwide since the mid+1970s 
and, when combined with cartier population 
sstimates. fiom aerial surveys. in Chesapeake 
Bay (/8), suggest that there may now be over 
40 million rays. inthe population. When 
considered with its known lite maturity and 
low fecundity, this high population growth rate 
‘would make the cownose ray anomalous among 
fishes in its. c r 

5). Only 
substant 


12 that higher 
predation by great sharks prevailed in the past 
and possible reduction in bycatch is insuflicient 
to explain the ascent of this ray. 

Collectively, the hyperabundant cownose ray 
population consumes a large quantity of bi- 
vahes, implying a high potential tor trophic 
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ing grounds on the Florida shelf (19), often 
centering bays. and sounds en route. Their dit 
consists largely of bay scallops (Argopecten 
irnudians), softshell clams (Mya arenaria). 
hard clams (Mercenaria mercenaria), oysters 
(Crassostreu virginica), and several” smaller, 
noncommercial bivalves (J, 20). Annual bi 
valve demand within the Chesapeake Bay, 
based on our abundan individual 
daily consumption rates of ~210 g shellfice wet 
weight (/5), and 100-day occupancy each year, 
may approach $40,000 metric tons. In com- 
parison, the 2003 commercial bivalve harvest 
in Virginia and Maryland totaled only 300 
metric tons, substantially lower than historic 
landings (15), 


¢ estimate, 


: ana: 
SSS SSS 


A second fink in an apparent trophic cas- 
cade has emerged over the past 2 decades as 
the cownose ray population grew coastwide 
(Figs. 1 and 3). Fiek! sampling in 1983 and 
1984 before and afer ray presence during late- 
summer migration showed no impacts of ray 
predation on bay scallops (Fig. 3A) (21). Anak 
‘ogous recent sampling, confirmed by controlled 
ray-exclusion experiments using stockades, dem- 
‘onstrates that since 1996 migrating cownase 
rays have caused almost complete scallop 

jortality by carly fall (Fig. 3A) (22) at every 
site with initia! adult scallop densities above 
threshold for intensive ray foraging (-2 m 
Fig, 3, B and C). Bay scallop abundance de- 
clined much less inside cownose ray excl 


ese esses 


Fig. 3. (A) Map of southeastern United States indicating the study location (inset) and North 
Carolina bay scallop monitoring sites. Total mortality (black bars) compares August (pre-cownose 
ray migration) to late September and October (postmigration) densities. Low scallop densities 
before ray migration are indicated by asterisks (<1 to 2 m~) or zeroes (0 m™). Hatched bars 
Tepresent mortality within experimental stockades that exclude rays (performed in a subset of 
years). Scallops were free to emigrate from stockades. Arrows denote direction of ray migration. (B) 
‘Mean scallop density measured in midsummer and mortality from early summer to early fall at 
Oscar Shoal for 10 years. (C) Scallop density trends at Oscar Shoal, based on 12 weekly surveys in 


1998 and 8 in 2002 and 2003. 
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sures than on unprotected grounds (Fig. 34) 
and, in the absence of scallop 

‘numbers inside stockades would probably have 
remained nearly constant (22). Unlike the 
fishery harvest, which oc 

tion occurs before spawnit 
species (23), By 2004, ray predation had 
temminated North Carolina's century-old bay 
scallop fishery because too few scallops 
survived into fall to sustain fishing and a con- 
soquer ly 

adult densities below ~1 to 2 m2) limited re- 
productive success (23), The fishery has re- 
ruined closed through 2007 (Fig. 1) because 
of low recruitment and continued ray preda- 
tion on any high-density patch of seallops 
Having depleted the more readily targeted 
epibiotic bay scallops, it is reasonable 10 ex- 
expansion of cownose ray foraging 
sociated uproot- 
eagras and thus loss of nursery habitat 


Increased predation by cownose rays also 
yy now inhibit recovery of hand clams, soft- 
shell clams, and oysters (17), compounding 
the effects of overexploitation, disease, h 
destruction, and pollution, which have de- 
pressed these species (7), Landings dats for 
these bivalves and sty seallops from within the 
“srange show them falling without 
as the rays in- 

neement 


creased, despite active shellfish enl 
and habitat restoration, In contrast, areas be 
yond the ray’s northemmost limit show exam- 
ples of stable or increasing bivalve landings 
(fig, $2) 

Analogous elasmotranch community inver- 
sions and trophic cascades are probably occur- 
ring in other coastal oceans. Studies in the 
nnonheast Atlantic Ocean have shown increasing 
abundances of several mesopredatory_clasmo- 
tbranchs despite substantial exploitation (25, 20), 
In Japan's Ariake Sound in the northwest 
cific Ocean, where exploitation of apex pred 
tory sharks is probably intense, wild stocks and 
cultured populations of multiple shellfish spe- 
cies are now decimated annually by expanding 
numbers of another clasmobranch mesopred- 
ator, the longheaded eagle ray (Aetohatus 
flagellum) (27). Many ote prey depletions may 
be going unrecognized because little monitor 
ing and research exists for noncommercial ma- 
rine species 

(Our study provides evidence for an oceanic 
‘ccosystem transformation that is most parsimo- 
niously explained by the functional elimination 
‘of apex predators, the great sharks, inst 
assuming numerous coincides 
their mesopredatory p 
region-wide profiferation of 
smaller sharks have cascaded down the food 
Web through cownose rays to bay scallops and 
possibly other bivalves. This eascade potential- 
ly could extend to seagrass habitat, exacerbat- 
ing stresses on already highly degraded coastal 
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benthic systems. Thus, like the classic killer 
\whale-sea otter-urchin-kelp trophic cascade (3), 
climinating great sharks caries risks of broader 
ecosystem degradation. Prevailing theory sug- 
‘gests that community-level trophic eascades arise 
‘only in simple food webs lacking. functional 
redundancy (4, /0), but we propose that top- 
down effects must be widely expected whenever 
entire finctional groups of predators are de- 
pressed, as can occur with industrial fisheries 
Illuminating the operation of indirect. species 
interactions within marine and other environ- 
ments brightens the future for development of 
what is now so widely sought, ecosystem-based 
runayement to achieve sustainability of natural 
living resources, 
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Protein Composition of Catalytically 
Active Human Telomerase from 


Immortal Cells 


Scott B. Cohen,? Mark E. Graham,? George 0. Lovrecz,? Nicolai Bache,* 


Phillip J. Robinson,” Roger R. Reddel™ 


Telomerase is a ribonucteoprotein enzyme complex that adds 5’ 


TAGGG-3" repeats onto the ends of 


human chromosomes, providing a telomere maintenance mechanism for ~90% of human cancers. We 
have purified human telomerase ~10°-fold, with the final elution dependent on the enzyme’s ability to 
‘catalyze nucteotide addition onto a DNA oligonucleotide of telomeric sequence, thereby providing 
specificity for catalytically active telomerase. Mass spectrometric sequencing of the protein components 
and molecular size determination indicated an enzyme composition of two molecules each of 
telomerase reverse transcriptase, telomerase RNA, and dyskerin. 


clomeres, repetitive nucleoprotein struc 
tures at the ends of linear chromosomes 
(2), shorten during each eycle of cell 


division (2), providing a counting mechanism 
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to fimit the number of times a cell can divide 
(3), Many cancer cells escape limits on pro 
liferation by activating the ribonuclcoprotein 
enzyme telomerase to catalyze the synthesis 
of telomeric repeats (). The protein compo- 
nent, human telomerase reverse transcriptase 
(HTERT), contains conserved catalytic reverse 
transcriptase motifs (5, 6), ant the human 
telomerase RNA component (KTR) (7) directs 
the addition of deoxynucleotide triphosphates 
(GNTPs) by means of an intemal template com- 
plementary w the telomeric repeat sequence 
TTAGGG. 

Telomerase has previously been purified 
only from the ciliate Euplotes aediculatus as 


complex of TERT, RNA, and associated 
protcin p43 (8). At least 32 distinet proteins 
hhaye been proposed to associate with human 
telomerase (able SI), Size measurements of 
human telomerase have indicated complex 
larger than expected for a composition of 
one MTERT (127 kD) and one hTR (153 kD) 
(9, 10) but smaller than the sum of all pro- 
posed protein associations (-2.6 MD). None- 
theless, the precise composition of the active 
enzyme complex within the cell has remained 
‘undefined. 

‘We measured the size of the 
{clomerase complex in a pane! of immortal cell 
lines (MCF-7, A2182, HCT-116, TE-88, HT 
1080, and HEK-293, derived fom cancers of 
the breast, king. colon, bone, and connective 
tisstie, and from embryonic kidney cells, re 
spectively). Quantification of telomerase wats 
performed with a direct (non-polymerase 

in reaction) primer-extension activity assty 
(fig. SI), Whole-cell lysates (/2) from all cell 
fines exhibited a similar sedimentation profile, 
‘with 260% of total activity eluting in fractions 
9 and 10 (Fig. 1, A to C), Thyroglobulin (669 
KD) peaked in fraction 9 (Fig, 1B), indicating 
that telomerase exists as an enzyme complex 
of ~650 10 670 KD. 

We developed a purification scheme that 
achieved ~10* fold enrichment of active telomerase 
in three steps (11), The fist step was immuno- 
alfinity purification with a sheep polyclonal 
antibody generated against the peptide antigen 
ARPAEEATSLEGALSGTRH. (NTERT amino 
acids 276 to 294), HEK-293 lysate was incu- 


e human 
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bated with antibody, and the antibody-enzyme 
complex was immobilized onto protein G agar 
‘ose beads. Excess antigenic peptide was added 
to the resuspended immunoprecipitate to allow 
dissociation of the enzyme fom immobilized 
antibody into solution (Fig. 1D, lane 1), Immu- 
hnopuritied telomerase displayed excellent stabil 
1D, lane 2), allowing the purification to 
inued at rom temperature 

‘The specificity of the second and think 
steps is provided by thermodynamic and ki- 
netic propertics of the telomerase enzyme. The 
dissociation rate of the telomeric DNA substrate 
primer $'{TTAGGG),-3" from human telomer- 
ase is known to be very slow (fy 2 10 hours) 
(12), We exploited this stable binding between 
‘enzyme and substrate to develop a substrate- 
irceted affinity purification. The synthetic DNA 
5°-Biotin- CTAGACCTGTCATCACTTAGGG 3” 
\Was immobilized onto neutravidin beads, provid- 
ing th reagent 


+ Titon X-100__:__-Thton X-100 


tei tere 


WNENNeRT MMI 


‘adient fraction 


Immunopurified telomerase from the first 
step was precleared with unmodified neutravidin 
beads and S-CTAGACCTGTCATCA-3’: loss 
Of telomerase activity was negligible (Fig. 1D, 
lane 3). The precleared solution was then treated 
with (TTAGGG);-modified beads 10 capture 
telomerase. This affinity purification consistent- 
ly proceeded to >90'% yield, as evidenced by 
the low level of telomerase activity remaini 
in solution (Fig. UD, lane 4), Activity from the 
captured enzyme was detected by suspending 
the beads in assay buffer (ANTPS), resulting in 
extension of the immobilized DNA. substrate 
(fig. 2). 

The stable binding between telomerase and 
immobilized DNA primer (ty2 > 10 hours) 
required that we develop a rapid elution pro- 
cedure specifically for catalytically active en- 
zyme complexes under mild conditions. W 
exploited a distinctive relationship between hu- 
man telomerase and DNA primer: Ag ad hr bo 


Da 


100 100 98 6 
Ss actvty 


Fig. 1. Size measurements of the active 
human telomerase enzyme complex. (A) 
Glycerol gradient sedimentation profiles 
of HEK-293 telomerase activity from 
extracts of whole cells in lysis buffer with 
‘or without Triton X-100 (0.1% vi). 
Gradients of 10 to 40% glycerol were 
collected into 22 0.5-mL fractions: frac: 
tion 1 is from the bottom of the gradient 
at 40% glycerol. *, 100-nucleotide oligo- 
mer DNA recovery/oading standard in- 
cluded for quantitation. (B) Black and red 
bars, quantitation of data from (A); the 


lane with the highest activity is arbitrarily given a value of 100. Blue line, sedimentation profile of 
thyroglobulin (669 kD), (C) Glycerol gradient sedimentation profiles of telomerase activity for al cell 
lines examined. (0) Tracking HEK-293 telomerase activity through the purification. Lane 1, 
‘immunoaffinity-purified telomerase (defined as 100%; subsequent yields are quantified relative to 


lane 1). Lane 2, 


imunoatfinity-purified telomerase after incubation at room temperature for 


5 hours. Lane 3, immunoatfinity-purified telomerase ater preclearing with unmodified neutravidin 
beads. Lane 4, telomerase left in solution after treatment with (TTAGGG)s-modified neutravidin 
beads. Lane 5, telomerase eluted in 1 hour from (TTAGGG)s beads in the absence of dTTP/dATP. Lane 
6, telomerase eluted in 10 min from (TTAGGG); beads in the presence of dTTP/dATP. The volumes of 
the samples represented in lanes 5 and 6 are reduced by factors of 5 and 10, respectively, relative to 


those in lanes 1 to 4. 


REPORTS. [ 


tween enzyme and primer change as a function 
of the nucleotide at the 3" end (2). A primer 
ending in GGG, such as STAGE 
fonds the most stable binding interaction: 
ending in TTA display the weakest binding be- 
tween enzyme and primer, with dissociation 
cccurring in minutes. An active enzyme immo- 
bilizad onto 5-{TTAGGG),-3, in the presence of 
‘only deoxythymidine triphosphate (ATTP) and 
deoxyadenesine triphosphate (dATP), should 
catalyze the addition of TTA, thereby transfonm- 
ing a stable enzyme-substrate complex (fy > 10 
hours) into a relatively unstable complex (fy 
min), promoting rapid clution (Fig, 2A), 

To demonstrate activity-dependent clution, 
(TTAGGG);-moditied beads bearing telomer- 
ase were divided into two suspensions, Excess 
five S-{TTAGGO)y-3” was added to trap the 
enzyme in solution phase after dissociation 
One suspension was left as a control 10 Follow 
dissociation from DNA with GGG at the ¥- 
end: to the other was added UTP and dATP. 
‘Samples of each suspension were removed over 
time. and the solution phase was separated fom 
beads 10 measure the amount of dissociated 
telomerase (Fig. 2, B and €), The presence of 
ATTP and dATP promoted a dramatic increase 
in the rate of enzyme dissociation (control, k 
0.002 min’; }ATTPMATP, & = 0,25 © 0.05 
min”), At 10 min, the selectivity for activity- 
dependent elution is >S0:1 (Fig. 2C), Such 
sarong dependence on dTTPAAATP provides ex- 
uisite specificity in the final elution and illus- 
trates an elegant structure-nctivity relationship 
‘of human telomerase: Transformation to a less 
stable enzyme-substmate complex as nuckotide 
aldition approaches the end of the template fi- 
ciltates efficient translocation. 

For the purification, the (TTAGGG)s beads 
tearing telomerase were sispended in butler 
comaining five (TTAGGG)s for 1 hour as 
further washing step, during which time just 4 to 
5% of telomerase had dissociated (Fig, 1D, lane 
5). The beads were suspended in bufler contain- 
ing five (TTAGGG)y for 10 min: this “contol 
lution.” with <1% activity, was collected. for 
mass spactrometry. Finally, the beauls were sits 
pended in buller containing fice (FTAGGG)s and 
ATTPAATP, and the proxluct solution was cole 
ected ale 10 min to provide purified telomerase 
(Fig. 1D, lane 6), 

Purified telomerase was assessed for size 
and yield, The sedimentation profile of puri 
fied telomerase was conserved relative to that 
of the crude lysate (Fig, 3, A and B), Yield of 
telomerase was determined by Norther blot 
analysis against HR, with wel-pusitied in vitro 
transcribed KTR as a quantitation standard (tig, 
83). From SO fimol HEK-293 cells (~100 ), we 
obiained ~250 to 300 fmol purified telomerase 
(5 to 6 molecules per cell, ~100 ng). These 
data were used to determine the cellular abun- 


dance of telomerase, factoring in the percent 
yield of purification, for which an upper limit 
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(TTAGGG)s immobilization, <9, “dNTP 
lution, 60%]. This comesponds to a lower 
imit of ~20 telomerase molecules per Hf 
293 cell. Allowing for error in these analyses, 


Fig. 2. Activity-dependent elution of telomerase. 
(A) Addition of TTA to immobilized (TTAGGG)s 
destabilizes the telomerase-DNA complex. (B) Dis 
sociation of telomerase from (TTAGGG);-moditied 
beads was followed in the absence or presence of 
TTP and dATP. (C) Quantitation of data from (A). 


and given the variability of telomerase levels 
in different cell subpopulations (/3), we con- 
cclude that an average HEK-293 cell has 
Wo 50 molecules of telomerase. The data also 


Fig. 3. Characterization of the purified HEK-293 telomerase enzyme complex. (A) Glycerol gradient 
sedimentation profile of telomerase activity from purified HEK-293 telomerase. (B) Elution profile of 
purified enzyme [data from (A)] was compared with that of whole cet lysate (data from Fig. 18). (C) MS/MS 
spectrum for hTERT amino acids 249 to 261: TPVGQGSWAHPGR. (D) MS/MS spectrum for dyskerin amino 
‘acids 65 to 80: TTHYTPLACGSNPLKR. 


indicate a purification factor of ~10" (100 ne 
telomerase from 100 x cells, adjusted for 30% 
sield) (12) 

Purified telomerase was digested with tryp- 
sin in solution, and the resulting peptides were 
captured on cation exchange resin at pit 4 to 
remove buffers, nucleic acid, and detengent (11). 
The peptide products were eluted and analyzed 
bby niano-tiquid chromatography-tandem ma 
ywometry (nanoL.C- 
tification fiom peptide sequencing was 
formed on three independent purifications, 
seach from 100 g HEK-293 cells. The 10-min 
control elution, containing only (TTAGGG)s 
and esscntially devoid of telomerase 
was analyzed in parallel with the ATTPAATP- 
dependent elution of telomerase. Comparison 
of these samples identified proteins dependent 
‘on the presence of UTTP/AATP and telomerase 
activity. In the control sample, typically 6 10 8 
proeins were observed at low levels in each ru, 
5 of which were observed consistently: tubulin, 
actin, Y-box, heterogeneous nuclear ribonucle 
pprovcin (hnRNP) Al, and hnRNP M. These 
Irmicins represent background and result io 
‘nonspecific adhesion inherent in protein puri 
cation, In the telomerase sample, in addition to 
the background proteins tubulin and actin, two 
‘now proteins were consistently observed: hTERT 
and dyskerin (Fig. 3, C and D, figs. S4 and SS, 
and Table 1), Only KTERT and dyskerin were 
specifically enriched in the active telomerase 
fraction 

We conclude that the active human tel 
ase enzyme complex is composed solely of two 
‘protein components, hTERT and dyskerin, and 
the RNA comport hTR. Dyskerin is a pue 
tative pscudouridine synthase within the class of 
IVACA box ribonucleoprotcins (/4), The ACA 
sequence motif is present in HTR (/5), A rel 
tionship between tclomere length, telomerase, and 
ddyskerin thas been documented in. dyskeraosis 
congenita, a syndrome characterized by reduced 
proliferative capacity attributed to telomerase 
deficiency. Mutations in dyskerin resulted in poor 
telomere maintenance and lower telomerase 
setvity. and the evidence supported an association 
of dyskerin with telomerase (/6). It is noteworthy 
that mutations in WERT (/7), KTR (18), and 
dlyskerin (/6), the three components of the aetive 
telomerase entzyme complex, are the only known 
ssenes whose mutation has been shown to case 
dyskeratosis congenita, 

The combined mass of hTERT (127 kD), 
TR (153 KD), and dyskerin (57 KD) make up 
about half the observed size (650 10 670 kD), 
There is considerable evidence from in vitw 
reconstitution studies that telomerase exists as a 
dimer (9, 19, 20), We propose that human telo- 
merase exists as a complex of two molecules 
cach of hTERT, hTR, and dyskerin, It should be 
emphasized that the purification i specific for 
catalytically active enzyme complexes and thers 
fore represents a restricted view of the overall 
biology of telomerase, Other proteins reported 
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Table 1. hTERT and human dyskerin peptides sequenced by nanoLC-MS/MS (21). 


hverT Dyskerin 
202AWNHSVRoce salLTSHKRa57 
sonsHRVTYVPLLGSLRiop? aroKWGLGPKaas 
s4gRVGDDVLVHLLARiss sooHGKPTOSTPATWKey2 
-asTPVGOGSWAHPGRa«3 seaSQQSAGKEYVGIVR 57 

‘sa RSPGVGCVPAAEHRs35 “UsTTHYTPLACGSNPLXReo 

‘gL VODFLLVTPHLTHAK 2 ses 0GLLOKHGKPTDSTPATWKasz 
_a4ePERTPVGOGSWAHPGRiox 19KSLPEEDVAEIQHAEEFLIKPES Kaa 
‘eraRPGLIGASVLGLODIHR yas 

274ARPAEEATSLEGALSGTR 93 

‘70 ARRPGLLGASVIGLODINR ay 

_aa0GAAPEPERTPVGQGSWAHPGR gt 


to associate with telomerase (table S1) may be 
involved in its biogenesis, trafficking recnuit- 
ment to the telomere, and degradation, However, 
fiom the analyses described here, it ean be eon 
celuded that these proteins are nit required for 
nucleotide addition, nor do they constitute in- 
Tegra components of the catalytically active 
enzyme complex. 
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Regulation of Hepatic Stellate 
Cell Differentiation by the 


Neurotrophin Receptor p7: 


NTR 


‘Melissa A. Passino, Ryan A. Adams, Shoana L. Sikorski, Katerina Akassoglou* 


Differentiation of hepatic stellate cells (HSCs) to extracellular matrix and growth factor—producing 
cells supports liver regeneration through promotion of hepatocyte proliferation. We show that 
the neurotrophin receptor p75"™, a tumor necrosis factor receptor superfamily member expressed 


in HSCs after fibrotic and cirrhotic liver injury in humans, 


regulator of liver repair. In mice, 


depletion of p75™™ exacerbated liver pathology and inhibited hepatocyte proliferation in vivo. 
p75"™~~ HSCs failed to differentiate to myofibroblasts and did not support hepatocyte 


proliferation. Moreover, inhibition of p75' 


signaling to the small guanosine triphosphatase Rho 
resulted in impaired HSC differentiation. Our results identify signaling from p75 


to Rho as a 


mechanism for the regulation of HSC differentiation to regeneration-promoting cel that support 


hepatocyte proliferation in the diseased liver. 


iver regeneration driven by hepatocyte 
proliferation is necessary for tissue re- 
pair and survival after acute liver injury 


liver transplantation, and chronic hepatic dis 
‘ease, such as liver fibrosis and cirrhosis (/). 
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Induction of hepatocyte proliferation depends 
‘on cross-talk between hepatocytes and non- 
parenchymal liver cells. such as hepatic st 
late cells (HSCs) (1). At sites of injury, 
differentiate to myofibroblasts and secrete ex- 
tracellular matrix (ECM) and growth factors 
that support hepatocyte proliferation (2). Athouslt 
HSC differentiation is considered a central pro- 
‘cess forthe induction of liver regeneration, the 
molecular mechanisms that regulate the transi- 


tion to repair-supporting cells in the fiver re- 
main poorly understood, Expression of p758™* 
is increased in HSCs in the cirrhotic liver in 
‘humans and in animal models (3, 4), p?S8™ is, 
expressed in the nervous system during de- 
velopment o after injury (5), and it has been 
primarily studied as a regulator of survival and 
Apoptosis in neurons and glia cells (6), p7S8™* 
is also widely expressed in nonneuronal tis: 

owever, the biological importance 
neuronal expression 
ic 


remains eni 


To address the role of p78S™ in liver dis- 
ease in vivo, we crossed mice deficient for 
p7SS™™ with plasminogen-deficient (ple) mic 


(8) that spontancously develop liver d 
(2, 10), ALS weeks of age, ple p75 
mice were smaller than littermate controls (ig 
SIA). pl mice have a median survival time 
of 6 months (10), By contrast, ple” p75" 
rice had a median survival time of 2.5 months 
(Fig. 1A). ple” 75%" mice showed prom- 
{nent liver Iesions as eatly as 10 weeks of age 
lig. S1B), with lange necrotic areas (Fig, 1B) 
not observed in cither wikltype (WT) or 10- 
week old ple” contro fitermates. Overall, these 
‘results suggest that p7SST* plays a protective role 
in fiver disease 

We hypothesized that p7SS™ might regulate 
the progression of liver disease via altering the 
al characteristics of HSCs, WT 
expressed low amounts of p7S*™, 
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Whereas livers of ple mice expressed more 
p75S™* (Fig, 2A), which colocalized with the 
HSC marker desmin (Fig. 2B). Gene expres- 
sion of both a-smooth muscle actin (aSMA) 
and collagen I (col/ad), which are expressed 
bby HSCs alter differentiation to myofibroblasts 
(11), was significantly reduced in the livers 
of ple” p72" mice compared with that in 
the livers of pg” mice (Fig, 2C), Total num- 
bers of HSCs were similar between ply and 
pl p7S*™ mice (fig. S6C). Examination 
Of fibrin deposition, which is the causative 


agent for liver disease in the ple mouse 
(10), showed no differences between pkg” and 
ple p73 mice (ig. $2). Overall, these 


results suggest that p75*"* regulates liver pa 
thology by inducing HSC activation 

To examine whether p75" might directly 
regulate HSC differentiation to myofibroblasts 
ed the ability of primary HSCs 
isolated from p75'7™™ mice to differentiate 
in vitro, WT HSCs undergo activation within 2 
weeks in culture, and p75*"™ expression posi- 
tively correlates with HSC activation (1). After 
3 weeks in culture, WT LISCs exhibited mor 
photogiec features of activated myofibroblasts, 
whereas p75 HSCs were mostly in a qui- 
‘escent state (Fig, 3A), p7S°™ HSCs showed 
significantly reduced differentiation (ig. S3A) 
and reduction in protcin expression of aSMA, 
and collagen 1 (fig. S3B), as well as reduced 
‘gene expression of both en//al and transfonn- 
ing growth factor B-1 (TGEY-1) (fig. S3C), com 
pared with those of WT HSCs, Lentiviral short 
haimpin RNA- mediated knockdown of 7997 in 
WT HSCs decreased cell differentiation com 
pated with contol (ig, SA, <1), Aden 
Viral delivery of p73" SCs 
restored dlfferentiat 

The effects of p73" on HSC diferentia- 
tion occurred in the absence of exoutenints ne 
jbutes to several 


only following neurotrophin binding but also 
independently of neurotrophins (5. 13-15). tn 
the absence of neurotrophins, p73“ or the in- 
tracellular domain (ICD) of p75" alone can 
indice apoptosis (/6, 17) and activation of phos- 
phatidylinositol 3-kinase (2) and Rho (18), 
Moreover, p7S8™ may act in combination with 
‘other receptors, such as Nogo receptor, to mali- 
ate biological effects (5, 14, 19). Neutralization 
‘of neurotrophins either by antibody w nerve 
‘growth factor (NGF), neurotrophin scavenger 
Fe-p73™"®, or brain-derived neurotrophic factor 
(BDNF) scavenger Fe-TrkB, or inhibition of the 
‘other neurotophin receptor, Trk, had no effect 
‘on HSC diferentiaton (Fi, SS), Adenia de 
livery of the ICD of p7s™ restored differentia- 
tion of the p75”™™°" HSCs to an extent similar 
to that of full-length (FL) p7S\™ (Fiz. 3B). 
Prior studies have shown a. 1.S-fold increase in 
HSC apoptosis afier exposure to exogenous 
F (4), which we confirmed (fig. S6A). Our 
differentiation experiments (Fig. 3 and figs. 


53 to SS and S7) were done in the absence of 
exogenous NGF, and WT and p75'7*~ HSCs 
showed no difference in apoptosis (i. SOA), 
‘suggesting that apoptosis cannot account for 
the differences observed in HSC differentia. 
% do not show apopiasis in 10-week- 
mice, whereas apoptosis inthe livers of 
mice was exclusive to hepato- 
cytes (fig, SOB). These results confirm data 
from human liver fibrotic disease showing that 
HSC apoptosis occurs primarily at ate stages of 
liver disease (20) and that differentiated HSCs 
are resistant to apoptosis (2/). The number of 
total desmin-pesitive HSCs was similar in adult 
WToand p75** mice, suggesting that p7S™™ 
does not affeet the developmental differentia. 
tion or the total number of HSCs (fiz. S6C). 
The signal transduction mechanisms that 
promote and control HSC differentiation int 
myofibroblasts remain clusive. Rho is impli- 
cated in regulating myofibroblast morphology 
through reorganization of the actin cytoskel- 
clon 122). A. signaling relationship. between 
p758™ and Rho is well documented in the 
ervous system, where p7S“"anediated Rho 


A 

© 25 0 75 100 125 150 175 200 
‘Age (days) 
Fig. 1. Exacerbated mortality and liver pathol- 
‘ogy caused by p75"™ deficiency. (A) Survival of 
plg*"p7SN™** (n = 35), pig**p75"™*~ (n = 11), 
‘plg*-p75"™* (n = 8), and plg~p75"*™ (n = 10) 
mice. Because both plg**p754%™"* and ply'*p75™ 
mice exhibited 100% survival, the curves overlap 
and appear as a single line. (B) Hematoylin stain 
of representative liver sections of 10-week-old 
plg**p75"™** (top), plg~“p75™™** (middie), 
and plg~* p75" (bottom) mice. Scale bar 
cates 56 um. 


‘signaling is involved in the regulation of neurite 
outgrowth (23). Because cither p75“™ in the 
absence of ligand or the ICD of p75“ alone 
cm activate Rho through direct interaction (78) 
and because Rho is involved in promoting the 
myofibroblastic state of HISCs (22), we examine 
whether p7S“™ promoted HSC activation 
through Rho. Unlike in WT HSCs, expression 
of phospho-cofilin, a marker for Rho activa- 
tion (24), was undetectable in p75%7®~ HSCs 
(Fig. 3C). Adenoviral delivery of constitutively 


activated Rho (25) restored differentiation 
ps HSCs 3D), WT HSCs treated 
with TAT-PepS, which is a cell-permeable 


peptide inhibitor that specifically blocks. the 
activation of Rho through p75™™ (23), showed 
undifferentiated morphology (Fig. 3E), reduced 
immunostaining of phospho-cofilin (fig. S7A), 
and decreased gene expression of cola and 
TGEY-J (lig. S7B), similar to the features of 
7X HSCs. Taken together, these results 
suggest that p75%™ signaling through Rho pro 
motes HISC differentiation to myofibroblasts, 
Because crosstalk of HSCs with hepatocytes 
drives hepatocyte proliferation and liver repair 
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Fig. 2. Inhibited HSC activation afte A 

of p75®™®. (A) Immunachemical detection 

of p75" (dark red) in livers of 10-neek Ps 
old plgt*p75"™** (ety, plo p7s™* gE 
(middle), and plg**p75"™~ (right; neg a 
ative control) mice. Immunoreactive 5 
cells show spindle morphology and perk = 
hepatocyte localization characteristic of 

HSCs, (B) Confocal double immunoflu 

orescence in plg* liver show B 

tion (yellow) of the HSC marker desmin 


(green) with p75! (re 
ers of HSC activation i 
GSMA and co 
examined in 4-week-old mice (n = 3 
mice per genotype) by reat-time poly 
(PCR) analysis per 
Bar graphs repre 
means + SEM [*P < 0.001 by one 
analysis of variance (ANOVA)]. Scale 
bar shown can be applied to all im- C aSMA Coltat 


ages and represents 19 jum in (A) and . 


merase chain reactor 


formed in duplic 


Desmin / p75"® 


umin 8 
+ 

28 6 

35 

Bs 

5S. 

"sa 

i 

H 


Pigl-— pigl-p75"4- Pigd-— pgel-p75¥™-1- 


Fig. 3. Role of Rho in p75*"*-promoted 
WSC activation. (A) immuno 
staining (green) of activated WT and 
pr7shP HSCs after 21 days in culture 
We HSCs are characteried by wide, spread: 
ut morphology and large round nuclei 


p25N™- HSCs are unable to different 
ate, and the few cells thi 
munostaining for «SMA 
an intermediate stage of 
characterized by small vunken 
morphology. Nuclei are stained with 
4',6’-diamidino-2-phenylindole (DAPI) 
(blue). Representative images from 
seven independent experiments are 
shown. (B) Adenoviral detivery of FL or 
ICD p75", Freshly isolated WT and 
p75NPR-~ HSCs were transduced on day 
2 with adenovirus. SMA immunostain 
ing (green) was performed on day 7. 
Nuclei were stained with DAPI (blue. 
Activated cell size was qui 
determining the area of « 
cells in three indepen 
performed in duplicates. 
vector 


Merentiation, 


p75*™./-Ad ctrl p75¥"-i.Ad Rho. 


wi Ad ctr! 


etree cast bow) 


vas used as 
ctr), Bar graphs represent m 
(P< 0.05 and ns, not signifcan 
one-way ANOVA). (C) Detection ofp fii (Poli 
indicative of Rho activation, by immunostaining (red) in 
HSCs after 21 days in culture. Nuclei are stained with DAPI 
Adenoviral detivery of constitutively active Rho. HSC tran , an immunodeficiency virus protein TAT with Pep, which i 
of activated cell siz was dane as described in (B). Ba ide inhibitor of the activation of Rho by p75". Nuclei ae stained with 
SEM (P < 0.05 and ns, not significant, by one-way ANOV DAPI (blue). Scale bar shown can be applied to all images and represents 93 
blocking of p75" im in (, 79 jm in (B), 93 ym in (C), 105 ym in ), and 32 um in 


wat TAT-PopS 


ining (green) of freshly isolated WT HSCs after a 7-day treatment 
[ oxide (DMSO)] or TAT-Pep5. TAT-Pep5 is a 


ino-terminal protein transduction domain (11. amino 


fused peptide of the a 


acids) 


mediated Rho activation. Representative images of 
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(, 2, 26), we examined whether p7S\™ could 
regulate hepatocyte proliferation. ple mice 
showed an increased number of proliferating 
hepatocytes [126.6 = 3.9 (SEM), Fig. 4] when 
compared with WT mice [95.2 = 3.7 (SEM), 
suggestive of the regenerative response in the 
liver aller injury. By comast, plyp75™~ 
mice displayed significantly decreased cell profit: 
ration [74.2 © 9.1 (SEMD)} compared wit ple 
mice (Fig. 4, P< 0.001). One of the key me- 
dlintors in promoting, hepatocyte proliferation is 
hepatocyte growth factor (HGF) (2). Whok- 
liver homogenates. trom ple p75" mice 
showed only oncthind of the amount of HGF 
protein detected in ple livers (Fig. 4B). HSCs 
sre a major source of HGF in the liver (27, 28. 
thus, the reduetion in HGF in the ple p73" 
mouse isin accordance with the defective HSC 
activation observed after genetic loss of p7S*™* 
booth in vivo (Pig. 2C) and in vitro (Fig. 3). in 
co-culture (26), hepatocytes in culture with 
7S" USC exhibited a 30% decrease in pro 
liferation compared with those incubated with 
WT HISCs (Fig. 4C, P< 0.08). Proliferation was 
largely restored when HGF was added to the 


‘culture medium (Fig, 4C), Taken together, these 
Fig. 4. p75™%depen- A 

dent promotion of he pig prawmeeya: = 
patocyte proliferation Set, 


through regulation of Fess 
HGF secretion by HSCs. 7 = 
(A) Liver cell pene = ve 
tion in pig p7swne'r 
and ply posh! 
mice, Ten-week-old mice 
were injected. intrapert- 
toneally with bromode- 
coxyuridine (BrdU) (100 
mg/kg) daily for 3 days, 
Proliferating cells were 
visualized by immuno- 
chemical detection of 

BrdU. Liver cell prolifer. 
ation was quantified by 
counting the number of z 2 
BrdU+ cells per field 
(field corresponds to 1.5 
mm?) (top right, Graph © 
represents mean + SEM 

(n = 5 per genotype, 

*P < 0,001 by unpaired 
Student's t test), Scale 

bar, 198 wm. (B) HGF 

jn the livers of pig* 

and plg~* p75" mice 

‘as quantified by enzyme- 
linked immunosorbent 
assay. Graph represents 


~~ use 
@ hepatocyte 


results suggest that p7S*™ expression by HSCs 
is necessary for their differentiation to repair- 
supporting. HGF-seereting cells, which in tum 
‘ean promote hepatocyte proliferation 

HSC differentiation is a hallmark of fibrotic 
liver disease of different etiologies, such as hep 
titis and chronic alcohol consumption (20), Ini- 
tiation of HISC difrentiaion resus in secretion 
of HGF and synthesis of ECM, which are crit 
ical mediators forthe restoration of normal iver 
structure, hepatocyte proliferation, and liver r- 
generation (J. However, pempstuation of HSC 
activation to a myofibroblastic state leads to 
excesive collagsn ani ECM deposition, which 
results in liver fibrosis. Therefore, sustained dif 
ferentiation of HSCs is considered 3 tangst fer the 
treatment of liver fibrosis (12). At bie stages of 
liver disease, resolution of fibrosis depends. on 
HSC apoptosis (20), Our study: showed that 
p7SNT induces HSC differentiation and demon- 
strated that the mild in vitro effect of NGF on 
LSC apoptosis (4, 29) is mogiated by p75". 
These results sugges that in liver injury p758™ 
might function both as a regulator of HISC dif 
ferentiation and, depending on the bioavailability 
‘of neurotrophins, might alo participate together 


1 
1 
3 
sce: wt wt BIN. pT. 
HGF: Se ae oe 


mean + SEM (n= 8 for plg~ and n = 5 for plg~“p75""~-, *P < 0.0001 by unpaired Student's f test). 
(© Culture of primary hepatocytes with WT and p75" HSCs. Hepatocytes were plated in the bottom 
‘of the well and incubated with HSCs grown on inserts placed within the well, Hepatocytes were cultured 
with WT or p75" HSCs (day 7 to 21, passage 2 to 4), with or without HGF (50 ng/ml). After 2 days, 
hepatocyte proliferation was assessed by [*H]thymidine incorporation (Fight). All data are mean + SEM 
from four independent experiments performed in duplicates ("P < 0.05 and ns, not significant, by 


‘one-way ANOVA). 


with other apoptotic meditors in orchestrating 
the resolution of fibrosis, Identification of p75" 

as a molecular fink between HSC activation and 
hepatocyte proliferation could provide a thet 
‘peutic target for manipulating the stages of HSC 
activation during the progression of chronic 
fiver disease. 
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CREB-Binding Protein Modulates 
Repeat Instability in a Drosophila 
Model for PolyO Disease 


Joonil Jung* and Nancy Bonini??* 


Although ex 


sion of trinucleotide repeats accounts for over 30 human diseases, mechanisms of 


repeat instability remain poorly understood. We show that 2 Drosophila model for the CAG/ 


polyglutamine (polyQ) disease 
CAG-repeat instabil 


wacerebellar ataxia type 3 recapitulates key features of human 
including large repeat changes and strong expansion bias. Instability is 


‘dramatically enhanced by transcription and modulated by nuclear excision repair and a regulator 
‘of DNA repair adenosine 3',5"-monophosphate (cAMP) response element-binding protein (CREB)~ 
binding protein—a histone acetyltransferase (HAT) whose decreased activity contributes to poly 


disease. Pharmacological treatment to normalize acetylation suppressed instabili 
‘may include enhancing repeat instability 


consequences of pathogenic poly prot 


Xpansion of repeat sequences causes 
“eis ion din 

{he CAG-repeat polyQ discases spino- 
rebellar ataxia type 3 (SCA3) and Huntington's 
disease (HID), a well as noncoding repeat ex- 
pansion diseases like the CGG $° untranslated 
rogion (SUTR)-repeat disease frag 
drome (/, 2). Although the repeats are 
ly polymorphic in size, discase oceurs only 
when the number of repeats expands beyond 3 
critical threshold characteristic for each 
ease. Repeat instability alyo underlin 
cipation, as expanded repeats have a st 
tendeney to further expand, causing the disease 


eet oanserion PRONGTSS 


1m 
10% 


. Thus, toxic 


to occur carlier with greater severity in sue- 
cessive generations, 

To better understand mechanisms of in- 
Stability, we determined whether Drosophila 
displays intergencrational repeat instability in 
a CAG-tepeat mode! of human SCA3, Trans- 
genes retaining at least some native genomic 
context surrounding the CAG repeat manifest 
instability, as for the Httexon | transgenic mouse 
(3). The SCA3t-Q7S transgene in our fly mode! 
(4) is derived fiom exon 10 of the human SCA3 
xen and contains two polymorphic nucleotides 
linked 0 the majority of 


FI 


: 


25% 


Gro 

Bise Eo 
on Es 
= 

Bom gm 
00%, Ew 


Distribution of CAG repeats 


wicca nnn 7 hee wi ae 


REPORTS. [ 


suggests that it may contain genomic elements, 
important for instability 

The rate of repeat instability was initially 
determined in three independent transgenic 
fines, following a nine-generation protocol (lig 
SI), These stdics showed dat CAG ropes 
Were stable with only minimal repeat chang 


expressed in gem ectls, where dramatic insta- 
bility occurs (7). In Escherichia eolé and mouse, 
transcription may play a role (8), Therefo 
then expressed the SCA3 transgenes 
cells using a nos-GAL# driver line (lig. $2) 
‘With germline transcription, all Hines now bone a 
striking percentage of progeny with altered 
repeat lengths (Fig. 1, Band D), Different 
transgenic lines showed different degrees of in- 
stability, which was not correlated with the level 
of transgene expression (Fig. 1, D and E), This 
highlights a potential influence of the genomic 
context of the transgenic insertion site per se in 
modulating the degree of instability, as noted in 
HD and muscular dystrophy models (9), 
Although all transgenic Hines showed inst 
bility with transcription (Fig, 1 and fig. S3A), 
‘we focused on line 2 for detailed mechanistic 
studies, confirming all key findings with 
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Fig. 1. CAG-epeat instability in an 
+) SCAB model mimics human CAG-repeat 
instability. (A, B, and 0) Germline 
| transcription with nos-GALa (Gald) 
significantly enhanced instability in 
nine-generation studies. (chi-square 
test, *P < 005, ***P < 0.0002). (A 
| and B) CAG-repeat distribution among 
Fe progeny of line 2. Parental repeat 
' labeled PICAG78). (C) CAG-repeat 
instability in single generation studies. 
(D and E) Similar levels of SCA3 mRNA 
were present, but repeat instability Was 
significantly different between tines 
1 and 2. (chi-square test, P < 10°), 
(F) CAGS1 (27 repeat shrinkage of line 
2) showed a significantly lower rate of 
instability than the original CAG78 
allele [Student's t test, “P< 005; 
mean + SEM: n = 3 (CAGS1) or 4 
(CAG78)]. (G) Expansion bias was 
‘observed in repeat instability of line 2 
‘Gtudent’s t test, “P< 0.01; mean 
SD; n =2 (Fy), 6 (Fy paternal transmis: 
sion), or 5 (Fy, maternal transmission). 
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Fig. 2. Suppression of CAG- 
repeat expansions with loss of 


NER andor TCR. (A and B) 


Compared with the control, 
mus201"" flies showed a signif- 


icantly reduced overall rate of 
‘instability in patemal transmis: 


sion (Student's test, P = 00D. 
(C and D) In maternal transmis- 
sion, expansions were selectively 
reduced with mus201° (Fisher's 


79 81 6 BS 87 ED 


‘exact test, P< 0.002), Repeat 
shrinkages were unaffected. (E) 
CAG-repeat expansions were 
suppressed in_nine-generation 
studies, tested with two inde 


203101) 
s201(01) (2) 


pendent alleles mus201°" and 
mus201"5* (Fisher's exact 
test, ***P < 0,001). (F) SCA3 
‘expression level was not af 
fected in ovaries, but was 


oor 


ne 
SHAS T NS Sw 


Distribution of CAG repeats 


or 


reduced in testes (Student's t test, *P < 0.05; mean + SD; n= 3). 


feast one additional fine andior distinct disease 

ye 2, whereas small repeat 
to thive repeat expamsions 
4 of changes), 


made up the majo 
ange repeat expan es involving 
=10 CAG repeats were also feoquent (LOP%: Fig 
TB), Moreover, the wide range of repeat size var- 
iation (56 t0 95 CAG repeats, reflecting shrink- 
ayes of 22 repeat units to expansions of 17) was 
milar to the range of CAG-repeat sizes seer 
SCA3 patients (/0) 

In single-zeneration studies, the repeats als 
showed lithe instability without transcription, but 
strong. instability upon germline transcription 
(Fig. 1C), OF note, changes involving =10 repeat 
‘expansions or shrinkages were scen. This sugests 
4 mechanisin() in vive that generates ong repeat 
changes in single or a few molecular events. Ade 
ditionally, we observed length-dependent increases 

the rate of instability, as ane seen in mammals 
1F) (1), We also abserved an 3:1 bis foe 
repeat expansions (Fig. 1G). This i similar to 
‘what is observed in humans, although exparsion 
bias is primarily observed in patemal transmis 
sions. In mammals, the prolonged period of 
meiotic arest during oogenesis is thought to play 
‘role in matemal repeat shrinkawes (/2, 13; lack 
fof such an amest during Drasophile oogenesis 
‘may explain the expansion bias in matemal trans- 
mission. Thus, the SCA3 fly moxel with germline 
transcription displays several key features of 
CAG-repeat instability that ane seen inhuman 
SCA3 patients, 

Expanded trinueleotide repeats form unusual 
DNA structures in vitro, such as hainpins and 
slipped strands (/4). These may attract DNA re- 
pair proteins and trigger repair responses leading 
to repeat instability in vivo (5, 16). The strong 
relation between repeat instability and transrip- 
tion in the fly raised the possibility that DNA 
repair mechanisms—transeription-coupled repair 
(TCR) in particular—may be involved (17). The 
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Fig. 3. dCBP and the HDAC inhibitor TSA modulate repeat instability (A) Significant increase in repeat 
instability was observed in ACBP mutants (Student's f test, *P < 0.05; n = 3). Fly genotypes: dCBP’/ 
Ful7c with CAG7BICAG7B (left) and dCBP/ with CAG7BICAGA6 (right). (B) Treatment of fies 


bearing CAG78/CAG78 with TSA suppressed instability [Student's t test, “P < 0.05; n 


Mfemates) 


‘or 3 (mates)]. (C) Decrease in dCBP (dCBP’/+) preferentially increased +1 expansions (two-way 


ANOVA Bonferroni post test, 


P< 0.01), whereas TSA treatment (5 jM) had the opposite effect 


(Fisher's exact test, "P < 0.05). All values, means + SEM. (D) TSA-treated flies had increased levels 


of acetylated histones H3 and H4. 


fly Mus201 protein is an onholog of human 
Rad2/XPG, and loss of Mus201. function Keads to 
‘complete kes of nucleotide excision repair (NER) 
and/or TCR in flies. We therefore examined the 
eflcet of eliminating TCR on repeat instability 

In the mux20/™" (a mull mutant) background, 
wwe observa a dramatic reduction in instability 
Control flies showed the typical 1 to 3% ine 
stability with strong bias for repeat expan- 


sions (Fig. 2, A and C), However, with loss 
of Mus201 function, repeat expansions were 
suppressed in both matemal and patemal trans- 
missions (Fig. 2, B and D), as well as in nine- 
generation studies (Fig. 2E), SCA3 mRNA 
levels were reduced in the testes, which sug- 
gested a dependenice on the TCR pathway for 
transgene expression, but were not reduced in 
ovaries (Fig. 2F). This indicates a specific eff 
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‘of Mus201 activity on repeat instability in fe- 
males, Effects of NER have been reported in 
Escherichia coli and cell lines with conflicting 
results: our findings indicate that Mus201/TCR 
modulates CAG-repeat expansions during germ 
line transmissions in vivo. This potentially con- 
tributes tothe genetic “anticipation” phenomenon 
prevalent in human patients, 

In polyQ diseases, expanded CAG repeats 
are translated into pathogenic polyQ tracts to 
form nuclear inclusions. Key regulators of DNA 
repair, such as adenosine 3',S”-monophosphate 
(cAMP) response element-binding protein 
(CREB) binding protein (CBP) (8, 19), are 
ound in polyQ inclusions, which leads toa 
reduction in soluble CBP levels (20, 2/), Soluble 
pathogenic polyQ protein may also. increase 
degradation of CBP (22), as well as inhibit 
CBP/p300 histone acetyliransferase (HAT) ac 
tivity through direct binding (23), We therefore 
tested whether decreased CBP levels could 
alter DNA repair activity in flies. Decreasing 
Drosophila CBP (dCBP) gene dosage signif 
untly moxtfied the survival rate of methyt 
methanesulfonate-treated larvae (a measure of 


DNA repair) (ig. $4). This raised the possibility 
that 


ic polyQ protcin may indirectly 
epeat instability in polyQ dis- 
‘ease by inhibiting CBP functions important for 
DNA repair 
‘To text this, we determined whether loss of 
CBP enhanced repeat instability, Because ACBP 
is essential, heterozygous flies were tested. Such 
partial loss of CBP function may reflect well the 
Typical prolonged disease situation, as severe 
CBP depletion causes cytotoxic cell loss. We ex 
amined two different alleles of dCBP: (CBP, a 
hypomorphic allele, and dCBP*, a null micro 
deletion. Both alleles enhance polyQ toxicity in 
heterozyous animals in Drosophila (24). The 
ceffects of the CBP” allele were examined on 
CAGTS/CAG?S flies; however, the dCBP* allele 
‘was deleterious in that background, so instability 
was examined with CAGT8 in trans to a less 
toxic CAGH6 allele (CAGT8'CAGH6), CAGTS, 
‘CAGIS control flies showed an instability rate of 
28S + 0.17% the CAGTS'CAGAG flies showed 
4 reduced rate. with the CAG7S repeat showing 
14S © 0.54% instability (Fig. 3A). In both situe 
ations, however, a significant increase in insta- 
bility ofthe CAGTS repeat was observed [4.33 
Mo (ACBP”) and 3.35. © (CBP), 
‘i eases in instability. were 


'A). Although we did not observe an obvious 
‘change in the overall pattem of histone HB or HH 
acetylation in ovaries of mutant flies, localized 
decreases in acetylation of histones oF other pro 
tein targets may occur. Significant changes in 
SCA3 transgene expression were not observed 
(lig. SSA), We further tested the role of CBP 
‘on repeat instability by up-regulating dCBP in 
males using an overexpression allele (CBP7"”?: 

is resulted in a reduced rate of instability 
(fig. S3B) 


The inhibitory effect of pathogenic polyQ 
proteins on CBP is thought to be duc to loss of 
its HAT activity. Treating flies or mouse models 
of polyQ discase with histone deacetylase 
(HDAC) inhibitors to nommalize acetylation ley- 
cls protects against polyQ protein pathogenesis 
(25). Our data indicated that HDAC inhibitors 
may also protect against the increased rate of 
repeat instability. We therefore treated flies ex- 
pressing the pathogenic polyQ protein in genn 
cells with an HDAC inhibitor tichostatin A 
(TSA), and measured repeat instabil 

Placebo-twated flies showed normal in- 
stability 0.29% and 3.26 = 0.76% for 
‘matemal and patemal transmissions, respective- 
ly] (Fig. 3B). In contrast, there was a sharp drop 
in rate of instability of flies fod TSA. With $ uM 
TSA, CAG repeat instability decreased 10 0.90 
0.02% and 1.00 = 0.29% for maternal and pa- 
‘emal transmissions, respectively (Fig. 3B). TSA 
treatment increased the level of acetylated his- 
tones in flies (Fig. 3D), and SCA3 transcription 
was not aflected (fig. SSB), Athough TSA is 
known to affect multiple pathways in vivo, anal 
sis ofthe pattem of repeat changes by TSA sug 
‘gested that reduced instability was, at least in par, 
‘due to compensation for decreased SCBP andor 
HAT activity, as both dCBP gene changes and 
TSA treatment preferentially modulated * I repeat 
changes relative to other events (Fig. 3C). 

Several lines of evidence suggested that the 
features we characterized for repeat instability of 
SCA3 transgenes may have broader implica- 
tions. For example, the majority of tripkt-repeat 
discase genes are expressed in germ cells, and a 
number of polyQ proteins (Huntingtin, andro- 
gen receptor, ataxin-7, and ataxin-3) interact 
With oF inhibit CBP or other HAT proteins (26). 
Therefore, to extend these findings, we exam- 
ined the effects of transcription and the contri- 
bution of CBP to HD models: we also examined 
instability in a mode! for file X CGG premmuta- 
tion expansions, an unstable noncoding trinu- 
cleotide repeat (27). As with SCA3, we found a 
‘consistent enhancement of repeat instability with 
gemnline transcription for both HD and CG 
models (fig. $6). We also tested the role of CBP 
‘on HD. As with SCA3t-Q7S, reducing the level 
of dCBP (dCBP” > ) enhanced repeat instabi 
‘of an HD Hitexon!Q93 transgene (fig. $7). Thus, 
features of repeat instability, including transcrip- 
tional dependence, may be fundamental aspects 
Of trinucleotide instability displayed in multiple 
disease models. 

These studies reveal that Drosophila ecapit- 
ubstes several central features of human CAG- 
repeat instability, including the wide range of 
repeat changes and strong bias for expansions. 
Moreover, germline transcription along with NER 
andior TCR dramatically enhanced instability. A 
consequence of polyQ gene expression in germ 
cxlls is that polyQ protein pathology-—namely, 
inhibition of CBP activity via sequestration or 
inhibitory inteactions—may finer enhance re- 
peat instability. In HD, dramatic expansion of 


REPORTS lt 


CAG repeats occurs not only intergenerationally, 
but also somatically, in affected brain regions, 
which develop striking inclusions containing 
29). Known modifiers like Msh2 mod- 
ulate CAG-repeat instability similarly in both the 
germline and somatic tissues, which suggests 
‘that our findings with germline instability may 
be applicable to somatic instability. 
Trinucleotide-repeat instability has been 
viewed largely as a matter of DNA metabolism; 
however, our data suggest that repeat instability 
may be influenced by aspects of polyQ protein 
toxicity; thus, treatments to curb polyQ protein 
pathology may also be effective means to help 
clamp repeat instability. Among these, HDAC 
inhibitors are in clinical trials (30), 
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Top-Down Versus Bottom-Up Control _ ... 
of Attention in the Prefrontal and fi 
Posterior Parietal Cortices 


Timothy }. Buschman and Earl K. Miller* 


‘Attention can be focused volitionally by “top-down” signals derived from task demands and 
automatically by “bottom-up” signals from salient stimuli. The frontal and parietal cortices are 
involved, but their neural activity has not been directly compared. Therefore, we recorded from 
them simultaneously in monkeys. Prefrontal neurons reflected the target location first d 
top-down attention, whereas parietal neurons signaled it 

Synchrony between frontal and parietal areas was stronger in lower frequencies during top-down 
attention and in higher frequencies during bottom-up attention. This result indicates that top-down 3 
and bottom-up signals arise from the frontal and sensory cortex, respectively, and different 
modes of attention may emphasize synchrony at diffe 


ritional shifts of attention are thought 
V': depend on “top-down” signals de 
rived from knowledge about the cur 


rom task (e.g, finding your lost keys), whereas 
the automatic "bottom-up" capture of attention 
is driven by properties inherent in stimuli 


that is, by salicnce (e.g, Mashing fire alarm) 
(E-3). tm 
have found neural correlates of both types in the 


24-6), 


but their respective contributions are not ch 


they have largely been studied in separate ex. 
periments, rendering comparisons difficult an 
obscuring. timing 
clues to information flow (7), 

We theretioe 
trodes simultaneously implanted in the frontal and 


differences. that could 


parietal cortices as monkeys (Macau mulaa) 
found a visual target under two conditions (Fig. 
TA), The tanget was randomly located in an array 
of four stimuli, with conditions difering in how 
the dlstractors related to the target. In “pop-< 

the distractors were identical and differed fom the 
target along two dimensions (color and orienta 


tion), so the target’s salicnce automatically drew 


attention to it (3). During “search,” each di 


tractor independently differed from the tang. 


Because the tanget matched some of the dis 


tractors in cach dimension, it was not salient and 
had to be sought usin 
appearance (3), The monkeys showed the be 
havioral hallmarks of bottom-up versus top-down 
attention, Psychophysical testing showed a shal 


only its. remembered 


lower increase in reaction time with more 


distractors during pop-out than durin, 


search 


(6 ms per item for pop-o 


search; P 
ression). Durin, 


recording, when three dis 


tractors were always. presented, the 
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We determined when each neuron first 


J” (reflected) the target location by com. 


puting when the amount of information in its 


about target location first reached 


rate 
The data for cach trial were 
rch) and 
out infor 


grouped by condition (pop 


by 


thus factori 
The top row of 


mation about target features 


2 shows the distribution of these times 


© to the start of the saccade. During pop. 
here was a bimodal distribution (Fig. 2A). 
of neurons 


shortly afier vis 


that first f well bofore the saccade 


ing 
lier during bottom-up attention, 


(is onset) and a sep- 


arate population that found the tay 


saceade. The carly population consisted of 

‘of all target location. selective LIP neurons 

(24/68), $1% of selective LPFC neurons (40/78, 

nt frequencies, and 31% of selective FEF neurons (17/54). 
There were clear differences in timing: LIP new 

reaction time was significantly longer an rons found the target first, followed by LPFC 

Variable for search than for pop-out (Fig. 1B), neurons and then FEF neurons. Fits of bimodal 
We focused on the ictal Gaussians (Fig. 2A) indicated that the early pop- 
(LIP) in a ulation of LIP neurons was centered at 162 
mal ec before the saccade [98% confidence intery 


(FEF) in the fi 


followed by the early 
and FEF, 77 ms (95% Cl 


IN, 200 10 124 ms} 


jons in LPFC 


50 electrodes (25 in frontal and 25 in parietal 84 10 70 ms) and 40 ms (98% Cl, $6 to 23 ms) 
cortex), We recorded the activity of 802 neurons before the saccade, respectively (LIP < PFC 
wer 24 sessions (/2). P<10*; LIP < FEF, P= 6 © 10%; PFC < FEF 


Visual Pop-out 


Visual Pop-out 
‘4 


Mean RT 233 me 
‘Std: 33 ma 


‘Mean RT. 272 ms 
‘Sid: 43 ms 


Percentage of Trials 


Percentage of Trials 


2 2| 


1507200 250 300 350 400 460 
Reaction Time (ms) 


150 200 280 300 350 400 450 
Reaction Time (ms) 


Fig. 1. (A) Behavioral task comparing visual search and pop-out. Red circle indicates eye postion. 
(B) Histogram of reaction times (RTs) during search and pop-out tasks across all recording sessions 
for one target and three distractors. Average RTs for search (272 ms) and pop-out (233 ms) 
differed sigoificantly (P< 10°, t tes. The variance in RT also differed significantly (SDs of 43 ms 
for search and 33 ms for pop-out, P< 10™°, 7° test) 
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P= 6 10%; F test) (12). The distribution of the 
neurons that found the tangt afer the saecade was 
overlapping in all three areas and centered about 
100 ms afler saecade (Fig. 2A). 

‘The same ordering was seen in the cumue 
lative distributions of these data (Fig. 2C) (4). 
LIP, LPFC, and FEF neurons began finding the 
target 170 ms, 120 ms, and 35 ms before 
saccade, respectively (LIP < PFC, P = 0.05; 
LIP < FEF, P = 0,009; PFC < FEF, P = 0,002; 
randomization test) (12), One-quarter of the 
selective LIP neurons (17/68) began encoding 
the target location before the LPEC population 
first carried significant information, This is 
more than expected by chance (P= 2 = 107%, 
tested against binomial distribution), When 
aligning trials on visual array onset instead of 
saceade, we found similar results (12) 

Tn the search task, neurons began finding 
the target later than in pop-out, just before the 
saccade, and in the reverse order: The frontal 
areas (LPFC andl FEF) showed selectivity firs, 
followed by LIP (Fig, 2, B and D). About o 
third of all selective neurons in FEF and LPFC 


A 


began to reflect the target location before 
the saccade (19/60 and 21/70. respectively 
Whereas only 14% (8/58) of selective LIP ce 
did so. This is greater than expected by chance 
for FEF and LPFC, but not for LIP (P= 8 
105, P=4 = 10°, and P= O41, respectively, 
ainst binomial distribution). The cumu- 
lative distributions in Fig. 2D show that target 
location information reached significance in the 
FEF and LPFC at 50 and 40 ms before the 
saccade, respectively, followed by LIP (LPEC 
and FEF were earlier than LIP, P ~ 0.027 and 
P = 0,006, respectively; randomization test) 
(12), Whereas during pop-out, the LIP neurons 
ound the tanget first (and well before the sac- 
cade); during search, target location information 
in LIP did not reach significance until 32 ms 
after the saccade. As with pop-out, similar re- 
sults were observed when tials were aligned on 
Visual array onset (12) 

Synchrony of neural activity may increase 
the effectiveness of connections between brain 
amas and enhance the representation of at 
tended stimuli (15-19), To investigate this, 


° 


z-Score of First 


“0150-300 50 
Time from Saccade (ms) 


Fig. 2. Timing of target location selectivity duri 


To 380-280-180 500 50 


Time from Saccade (ms) 


ing pop-out (left column) and search (right column). 


‘Significance was determined through randomization tests (12). (A and B) Distribution of times at which 
neurons fist began to carry significant information about the target location, relative to the saccade. 


Vertical black tine 


cates saccade; gray shaded regions indicate mean (£1 SD) of distribution of visual 


array onset. (C and D) Normalized cumulative sums of the histograms shown in (A) and (B), respectively. 
‘Az-score forthe observed distribution was calculated through randomization tests and was corrected for 


multiple comparisons (22). 
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‘we quantified the degree of synchrony be- 
tween local field potentials (LFPs) in the 
parietal and frontal cortices. Synchrony was 
mcasured between all pairs of simultancously 
recorded electrodes that had at 
ncuron selective for target location (282 pairs), 
The degree of synchrony was captured in the 
coherence statistic, measure of the co-spoctrum 
botween two signals, normalized for the power 
20), Significance was determined by random- 
ization tests (12), Because similar results: were 
found between LIP and LPFC and between LIP 
ind FEF, we combined data from the LPEC 
FEF 
During both search and pop-out, there was 
an increase in coherence between LIP and 
fiontal cortex in a middle (22 10 34 Hz) and 
upper (35 to 53 Hz) frequency band (Fig. 3) 
that peaked during the peristceadie period ( 
around the time of the attention shift) (Fig. 
4A), The increase in coherence for each fie- 
queney band differed between bottom-up an! 
top-down (Fig. 4A). This was highlighted by 
subiracting coherence during pop-out from 
erence during search. Figure 4B shows 
greater increase in middle-frequency (22 10 $4 
tz) coherence between LIP and frontal cortex 
during top-down search than during bottom-up 
pop-out, By contrast, the inerease in upper- 


Fig. 3. LEP coherence between LIP and frontal 
cortex (LPFC and FEF) across frequencies for (A) 
‘pop-out and (B) search tasks. Coherence was cal~ 
‘ulated around the time of the attention shift (in a 
perisaccadic period, beginning 150 ms before sac- 
‘ade to 50 ms afterward) and compared to a base- 
fine, an intertrial interval (IT) epoch (a 200-ms 
window starting 500 ms before tral onset) Shaded 
regions are 95% confidence intervals around aver- 
age coherence, Frequencies below 10 He are not 
‘meaningful (and are not showin) because of the 
telatively short time epochs used. 
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frequency (35 10 55 Hz) coherence was greater 
during pop-out than during search. Thus, bottom 
Up an! topdown attention may rely on ditirent 
fiequency bands of coberence between the frontal 
sand parietal cortex 

The source of top-down signals has lansely 
beon inferred trom indireet evidence such as 
patterns of anatomical connections (7) In the 
case of visual attention, previous research has 
‘shown its neural correlates throughout the cor 
tex, with control attributed to parietofrontal 
networks (1, 2, 5). Our results sugwest that 
within this network, fast, bottom-up tare 
selection occurs first in LIP, whereas longer- 
latency top-down selection occurs first in the 
frontal cortex, This supports the hypothesis that 
parietal neurons form “saliency maps” for 
bottom-up selection (21-23) as well as studies 
showing. that stimulation of the frontal cortex 
tention-like efleets in the extrastriate 
). Italo fits with attenuation of top- 
isin the posterior cortex after PEC 
damage (25-27). Although both the frontal 
and parietal cortex are involved in att 
‘our results illustrate that bottom-up signals 
appear first in LIP and top-down signals 
appear first in the frontal cortex. 


Fig. 4. (A) Level of co- A 
herence for poprout and 

search during the mide 
(left, 22 to 34 He) and a 
upper (ight, 35 to 55 Ha) 
frequency bands in dit 
ferent trial epochs. *P < 
0.05, "P< 0.01 (test). 
(B) Differences in LEP 
‘coherence between UP 
and frontal cortex during 
Pop-out and search for 
the perisaccadic period 
Green) and IM (black). 
Poprout coherence was 
subtracted from search 
coherence (Fig. 3). 
Dashed lines indicate sig- 
nificance levels ® <0.05, 
corrected for multiple 
«comparisons Differences 
above the upper dashed 


Localized synchrony of activity within 
brain arca may help resolve competition for 
attentional selection (18. 19), and interareal 
synchrony may aid in long-range commu- 
nication between areas (/5-17). Our results 
iggest that the flow of top-down and 
bottom-up information is aided by coherence 
emphasizing different frequency bands. Lower- 
frequency bands are more robust 10 spike 
timing delays and thus may be better suited 
for Jonger-range coupling between muhiph 
distant areas (28-30), The increase in low- 
frequency synchrony during search could re- 
fect a “broadcast” of top-down signals on 
langer anatomical scale. Synchrony at higher- 
frequency bands might support the local 
interactions needed 10 enhance stimulus rep- 
resentations (28-30). The emphasis of higher- 
frequeney synchrony during pop-out could 
refleet local enhancement of stimulus rep- 
resentations that are passed forward from 
parietal 10 frontal cortex, This suggests that 
the brain may emphasize coherence at ditfer- 
cent frequency bands for the dynamic mod- 
lation of interareal connections, which in 
tum engages the nctwork best suited for the 
current task 


Coherence between LIP and Frontal Coherence between LIP and Frontal 
Middle Frequency Band (22-34 Hz) Upper Frequency Band (35-85 Hz) 


agp 


tine indicate significantly 
more coherence during 
search than during pop- 
‘outs differences below the 
lower dashed tine denote 
significantly more coher- 


«ence during pop-out than 
during search, 


os 0 8 & 
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Cellular Membrane Stain 


www.sciencemag.org/products 


LavaCell stain is suitable for visualizing cellular membranes in live or fixed cells. LavaCell is a small, 
neutral. cell-permeable bright orange stain, It has a long Stokes shift, reacts with free amine 
‘groups, and does not stain nucleic acids, making it suitable for multiplexing, 

‘Active Motif For information 877-222-9543 wirn.activemotit.com 


Chemotaxis Slide 

Anew slide for the optical analysis of slow: 
‘migrating cells allows the motion tracking of 
cells such as chemotactic active cancer cells in 
gradients. Previous comparable cell-based 
assays have allowed only the tracking of fast 
‘migrating cells such as neutrophils or dictio: 
stelia, The new j-Stide series allows the forma 
tion of long-term stable gradients over 3 48. 
hour period, which enables the user to follow the 
‘motion of cells moving at a speed of one cell 
length per hour, 

‘bid For information +49 (0) 89 57 00 18 06 
woibid.com 


Electrophysiology Measurements 
The NeuroStar, for in vivo electrophysiology 
experiments, is a comprehensive system that 
contfls recording impedance, stimulation, and 
data acquisition. From setting up experiments to 
preparing data for publication, NeuroStar allows 
‘esearchers to take in vivo experiments from start 
to finish. A pilot feature provides unassisted 
exploration for single-unit neuronal activity; 
‘NeuroStar software provides automatic database 
management, where data can be mapped on 
either a two-dimensional or three-dimensional 
alls in realtime. 

‘Stoelting For information 630-860-9700 
wynstoeltingco.convphysio 


Fluorescent Secondary Proteins 

‘New fluorescent secondary antibodies conju: 
gated to the Chromeo line of dyes offer high 
intensity, low background, and limited photo- 
bleaching effects. Chromeo fluorescent second: 
ary antibodies are available in anti-mouse and 
anti-rabbit formats in 488 nm, 494 nm, 546 nm, 
and 642 nm wavelengths. 

‘Active Motif For information 877-222-9543 
vwwneactivemoticom 


Ultraviolet Detector 

The ActiPic D100 is a miniature multiplexed capil 
lary ultraviolet (UV) imaging area detector, Using 3 
capillary as combined sample vessel and optical 
element, the ActiPlex D100 detector provides 
inherent spatial separation of sample and refer 
ence beams, resuiting in a unique self-referencing 
system in a miniature format. Allowing minute 
(picoliter to nanoliter) volumes to be measured 
with high sensitivity without sacrificing spatial res 
olution, the ActiPix D100 is a suitable detector for 
capillary liquid chromatography and capillary elec: 
trophoresis systems. With an active pixel area sen 
sor to capture measurements, imaging of single or 
multiple capillaries is achieved on a single sensor. 
Simultaneous measurement of multiple capillaries 
allows high throughput of samples. Sensitive and 
linear over five orders of magnitude dynamic 
range, applications for the ActiPix 0100 include 
‘monitoring nanoscale biocatalytic reactions. 
Paraytec For information +44 1904 526270 

vw paraytec.com 


Gel Imaging Software 
Anew tool converts slab gel TIFF, BIP, JPEG, and 
TXTiles into a standard format for importing ele 
trophoresis data into GeneMarker software. The 
jelMarker tool was developed in response to the 
‘growing demand for software that can analyze fu 
orescence, chemiluminescence, and autoradiog: 
raphy gel image files, especially those from Li 
Cor’s 4300 DNA Analyzer and Kodak's Image Sta: 
tion 4000R. Researchers can convert and import 
the files to take advantage of GeneMtarker’s rapid 
analysis in a Windows environment. The jelMarker 
‘an import up to two getimage files for simultane: 
ous analysis of two-color data. The software also 
features easy lane and band modification via a 
point-and-click methodology. 

SoftGenetics For information 814-237-9340 
vn sofigeneticscom 


Proteomic Sample Preparation 
Dynabeads SCX for proteomic sample preparation 
are designed with a surface optimized for binding 
and fractionation of intricate protein and peptide 
‘mixtures. Featuring song cationic exchange (SCX), 
these magnetic beads precisely separate proteomic 
samples based on isoelectric point and net charge 
differences, in preparation for downstream analyses 
such as mass spectrometry, high performance liquid 
tiomatography, one-dimensional gel electiophore 
sis, or two-dimensional gel electrophoresis. Dyn: 
abeads SCX add further functionality to Dynal'smag 
netic bead chromatography product tine, which 
includes products for cation exchange, anion 
exchange, and hydrophobic capture, Beads with dif 
ferent surface characteristic can be combine to so 
late diferent fractions fom the same sample, allow 
Jing for step-wise reduction of sample complexity. 
Invitrogen For information 800-955-6268, 
veninvitrogen.com/dynal 


Knife for Frozen Hydrated Specimens 
Anew diamond knife forthe sectioning of frozen 
hydrated specimens features a 25 degree angle 
for the least possible compression and the best 
structural preservation. With a cutting range 
from 25 to 200 nim, it is available in a 3.0-mm 
diamond width. The triangular holder, suitable 
{or dry sectioning, and the trough, for sectioning 
using fluids, are both made from a speciat cop: 
per-nickel alloy for good heat conduction. A 
old-resistant epoxy resin is used for the seal, 
Diatome For information 215-412-8390 
venemsiasum.com 


Neniy offered instrumentation, apparatus, and laboratory 
materials of interest to researchers in all disciplines in aca- 
emic, industria and government organizations are featured 
in this space. Emphasis is given to purpose, chil characteris 
tis, and availablity of products and materials. Endorsement by 
Sciace or AAAS of any products or materials mentioned isnot 
fmation may be obtained from the 
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(CURATOR of ANTHROPOLOGY 
Position Announcement 
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CARDIOVASCULAR MOLECULAR 
BIOLOGIST 

Applications are being accepted for a tenure-track 
‘position at the rank of ASSISTANT/ ASSOCIATE 
PROFESSOR in the Deparment of Biomedical 
Sciences (website: hurp:/ /www.dlbms.missour 
‘edu) and the Dakon Cardiovascular Rescarch Cen 
ter (website: htp://dalton.missouriedu) at the 
Univenity of Missouri, Columbia. Requirements 
include M.D., DV.M., and/or Ph.D. degree. The 
‘successful candidate must have proven eapertise 49 
molecular biology technologice and have extramural 
support or demonstrate cuseptional potential for the 
development of 2 vigorous, sustained research 
program. Potential for collaborative interactions 
‘with current faculty indude vascular cell biology, 
exerdsc, microcirculation, neural cardiorespiratory 
control, sex differences, vascular cell-matnis inter 
actions, canfiac function, and large mammal models 
fof cardiovascular disease. Preference will be plsced 
‘on those whose research utilizes state-of the-art it 
ito and in vitro molecular approaches to candionas 
cular and/or exercise-related problems, although 
‘outstanding applicants in other related’ aspects of 
molecular biology are encouraged to apply Teach- 
ing responabiliics involve molecular biology related 
Iectures to first-year veterinary abd graduate stu 
dents. Review of completed applications will begin 
July 1, 2007, and continue until the position is 
filled. Applicants should subst current cumculum 
‘sia, a statement of profersional goal, emphasizing 
rewarch and teaching; and the names of four 
‘references to: Dr. Doug Bowles, Search Commi 
tee Chair, E102 Veterinary Medicine, University 
‘of Missouri-Columbia, Columbia, MO 6521 
Electronic applications in PDF format may be 
submitted 1 e-mail: bowlesd@missouri.edu. The 
University of Minow te an Affirmative Action /Egual 
Oppormnty Employer. Appstons from some and iner- 
ines ae sony emowaged. To request ADA acommodatons, 
plewe wits our ADA Coordinator at website: hae 
‘ide missonti. ela /index hem. 


G. P, WILDER VISITING CHAIR in BOTANY 

“he Deparment of Botany, Univers of Fina 
Mana, seke 2 DISTINGUISHED BOTANIST 
forthe GP Willer Chair-This appement sa 
thle for 3 perio ranging fom ome aemexer to 3 
Siem yer Applications are ough fom Ind 
Side tn ny el of berany with expertise om 
plementary to dcparmenealfcuky.Ivomary dates 
Micide suring of expec tho acractons 
srt acy and student the Botany Deparment 
dn ofiring seiar src or coune tn Shek spo 
Slay are, Salary conte and esearch spore 
fay be proves arangemenns ol be wdored 
The vegtomcnts of cock Cha holder hia the 
Purpencs and mite speed bythe endowment 
diowal infrmation about cs positon ant the 
Botany” Department cam be foul at website: 
hup:/ wow botany hawaiede Submit cura 
Tan stacy contact sonmaron (ale phoney), 
2 satcmene of planned acts for the pera of 
appeinumens and the name i 
thon forthe reference vor De. Alan Terma, 
Ghairy Department of Botany, University of 
Hiweali Alanon, 3190 Mate Way, Monolula, 
1968222279, Revcw of splits wil bet 
April 15, 2007, for fall 2008 and October 15, 2007, 
for spring 2003. Ingiies by e-mail shoul be ad 
Grand to email teramra@hawaied fx: HO 
356.3923. 

The Urey of Haat! a Mama & on Afimsive 
Achen/iged Oppo tng Won ad obo 
Gmina gone gy tag 


FACULTY POSITION in NEUROSCIENCE 
at New Princeton Institute 
Princeton University is secking int of 
several ance new faculty ppoantinents in ut 
science, as part ofits new Institute inthis area and its 
friming focus on quantitative approaches to unde 
Sanding. neural coding and dynamics. The position 
isat the ASSISTANT PROFESSOR level, to begin 
as soon as September 2007, for a THEORIST in 
Systems and/or cognitive neurmcence. ‘The appoint 
ment will be joint between the Institute anda 
partment appropriate to the ial’ backgound 
neluding. (but not 
3 biology, mathe 
matics, physics, clectrcal enginecring or computer 
SSE sw pn ch oh 
an undergraduate and a graduate level course in 
ben. Pu wd ui eo 
research deseiption, and three letters of recom: 
feral tothe: Searcs Committee, Neuroscience 
Institute, Princeton University, Princeton, NJ OBS44, 
or by email: torearch@neuroscience princeton edt 
Materials should be submitted as sonn as posable, 
“Applications will be conskered on a rolling, basis, 
dnd the search will remain open until the position is 
filled. For information about applying, to Princeton, 
and ow to any, ea Unk to web: tp: // 
‘web princeton edu /sites/dof/Applicantsinfo.htm. 
Foon 1a Egal Opportunity Amat Aon 
Explor. 


BIOINFORMATICS CONSULTANT 
The University of Minnesota Supercomputing tn 
ture seks to hire a Bicinformatce Constant 
ina dynamic group that provides a high level of 
technical support for researchers atthe University of 
“Minnesota Supercomputing Institute. This i an ex 
‘Sting opportunity to partispate in a suscesfl pro 
fram that proves fecal support toa bead ange 
{of development efor and appheations in computa 
‘onal omformatis and genomics 
ply directly at thes University of Minnesota 

cmployment. website: http: /employment.umn. 
‘edu You wil need to create an account, and then 
please appl diretly to job #146937 

Te Usienty of Minos i an pal Opportunity 
dur and Employer 
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DANA-FARBER 


CANCER INSTITUTE 


DANA-FARBER CANCER INSTITUTE 
Dedicated to Discovery.. 
‘Committed to Care. 


ASSISTANT PROFESSOR 


NEURO-ONCOLOGY 
The Department of Medical Oncology atthe 
Dani-Farber Cancer Insttuteand the Depa 


ment of Medicine, Brigham and Women's 
Hospital and Harvard Medical Sch 
inviting BC/BE applicants 


appointment atthe Assistant Py 
cessful individual will beexpected 10 


develop an independent labor 


program focused on malignancies o 


tral nervous system. The candidate mu 
8 proven trick record of outstanding labora 
tory research and experience in the clinical 


The Dane-Farbe 


Equal Op 


Cardiovascular Faculty Position 
Applications are invited 

(Cardiovascular Rescaech Institute (CRI) a Shows 
Falls, SD. This pesiton will be filled at he 
Assistant, Assccite, or Professor level. Sen 
fevel applicants are expected to have extra 
funding: CRI at Sanford Rescarch/USD willbe 
‘undergoing a major research mn over the 
next few years. De A.M 

Ainccwor of CRE whi 

Primarily in stdieso 

St heat failure” Applicants with backsteu 
heart development. vascular disease, diabetes, 
heart failure are encouraged to apply. Applic 
‘tus have 8 PHD/MD or equivalent degree and 


experience. Competitive salare 
ind tab spice 


member ill have ace 

Imaging, Cell Culture, M ney an 
apully 

growing. affordable city nly 

30,000 ‘with excellent scho« 

taxes, and excellent health care 

Application Directions: Applicants should 

submit: a Totter of interest, curriculuen vitae 

and three letters of reference 

Application Dealline: Applications will be 

‘accepted until the position i filled. 

‘applications will begin by March 

For further position details or to apply éw-line 

huips:/yourtuture-sdhor.du 

The University of South Ds 

Affirmative Action/Equ 

‘Opportunity Employer committed 

faculty, staft and administration, 


DIRECTOR 
ENERGY, MATERIALS, AND TELECOMMUNICATIONS 
RESEARCH CENTER 


April 21, 2007 


wowwinrs.ca, 


Director, Human Resources 
Institut national de la recherche scientifique 


490, de la Couronne 
Québec (Québec) GIK 943 


dotationgadm.inrs.ca 


| Universit du Québec 


cin ABTIONYGr Bag d Wey OLUTION 


institut national de la recherche scientifique 


ScienceCareers.org 


STAFF SCIENTIST OR STAFF CLINICIAN 
NEUROIMAGING 


The National Institute of Neurological Disorders and Stroke is 
recruiting for a STAFF SCIENTIST or STAFF CLINICIAN, 
with a Ph.D, or M.D., respectively, with skills in neuroimaging 
(MRUPET, particularly fMRI) and possibly also EEG’MEG. 
The individual will work in the HMCS, MNB, and collaborate 
in research projects relating to the normal cofttrobof movement 
and the pathophysiology of movement disorders. 


Interested individuals should contact: Mark Hallett, M.D., 
Chief, Human Motor Control Section, Medical Neurology 
Branch, NINDS, NIH, DHHS; Building 10, Room SN226, 
10 Center Drive, MSC 1428, Bethesda, MD 20892-1428. 
‘Telephone: 301-496-9526; Facsimile: 301-480-228 

mail: hallettm@ninds.nih.gov. NINDS is a component of 


the National Institutes,of Health, Department of Health and 
Human Services, Applications must be received by May 
31, 2007, 


Deputy Director 
Fogarty International Center (FIC) 


The NIHis seeking exceptional candidates for the poston of Deputy inet, Fogarty 
Intemational Center (FIC) 1 advance elih through intematona scientific operation 
and io promote and support scientific research and training intematigeally tore is- 
parties in global health. This postion offenr a unique opportunity forthe right individual 
to assstte Directo, FIC in providing strong and visionary leadership an organization 
dedicated intemational bealth nd global coisbeeation. Ths position serves as Deputy 
to the Director, FIC in coordination of al activities Flated to the mission and functions of | 
the Center, inthe development and execution of plats and policies ofthe FIC and inthe 
allocation of resources. The Deputy Director provides expert advice and counsel to the 
Director on the development of and opportunites for itcratnal escarch and research 
capacity building; on the development and coowination of iteratkral agresments i 
which the NIH participates; and onthe development and dssemigaton Of information, 
nationally and intematioally, onthe Center's intermtional rescach at taining it~ 
tives. Applicants may browse the FIC Home Page at hiip/www.fcih.gov. Applicants 
ust possess an MLD., Ph.D. or equivalent degre abe an experienced administrator 
with a brou intemational programmatic o scientific background: able to tract with 
fall authority: have the demonstrate capability to plan and direct programs of infer 
tional importance; ard have the ability to communicate with and cbtain cooperation of| 
the public private and iniemational organizations and wnividuals from the intemational 
sector. Sulary is commensurate withhiser qualifications and experience. Full Fdral 
benefis including eave. health and ie insurance, long-tenm cae insurance, retirement, 
and savings plan (401k equivalent) willbe provided. A detailed vacancy announcement 
that inchudes application procedures is available at http:/www jobs.aihgov (under 
vacancy announcement FIC-07-174209). Questions may be addresed io Ms. Yoette 
Le, 301-594-2792 e-mail: leeyol@maiLaih.gov. CV and bibliography, including a 
statement addressing the qualifications, must be received by April 3, 2007. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Ran 


The National Cancer Institute (NCI), Center for Cancer Research 
(CCR), Vaccine Branch (VB), seeks Staff Scientist on a renew- 
able appointment to manage a Flow Cytometry Core equipped for 
sorting of live infected cells and analysis in support of research on 
HIV/AIDS and Cancer. The Core will have two BD FACSCaliburs, 
Ja BD LSRII, and a BD FACSAria with room for expansion, The 
Staff Scientist will supervise the Core, provide training, maintain 
up-tosdate knoivledge of flow cytometry applications and reagents, 
trouble-shoot new procedures, maintain the instrumentation and 
establish SOPs. He'She may gollaborate, however the position does 
not include independent resources for investigator initiated research, 
Minimum qualifications include 4 Ph.D, and extensive experience in 
flow cytometry. Salary is commensurate With experience, Applica 
should submit a curriculum vitag, bibliography, brief statement of] 
relevant background, and arcinge for threé letters of recommenda- 
tion to be sent 


‘Ms. Jacqueline MePhail, National Institutes of Health, National 

Cancer Institute, 41 Medlats Drive, Building 41, Room D804, 

Bethesda, MD, 20892-1378, Email:mephailj@ mail.nih.gov, All 
ipplicatigns mist be réceived by. April 20, 2007, 


Staff Scientist Position 


NCUNUAIDHIS is anequat opportunity employer. 


poe 


The National Institute of Drug Abuse isreen 

nti oral, social seienee, or health 
services rescareh With the ability to synthosizeand present science information 
to a wide variety of audiences, Thisposition is located iBethesda, Maryland, 
The successful candidate willbe a respected, aeeomplished scientist with matu- 
ty, iegsity and outstanding Communication skills. Requirements include an 
'M.D.o¢aPhiDede gree in clinical, behavioral, socialsciences, or health services 
rescarch or equivalent trainingand experience. record of independent research 
accomplishments documeited by an outstanding publication presentation record 
and or administativo xpericnce is desirable 


Health Scientist Administrator 


for an energetic, experienced 


As a Health Scientist Adthinistrator, you will develop position statements 
g a8 an authority in the field, represent 
Professional, eicmtific and public interest groups, work as part of a team to 


Compensation is commensurate with research experience and accomplishments, 
and full Civil Service package of benefits is available (including retirement and 
401K equivalent plans as well as health, lf e, and long-term care insurance), 


For additional information about this opportunity asa Health Seienee Admin 
trator at NIDA, please visit wwwcusajobs.gav where detailed information may 
be found under Announcement NIDA-07-177430. Supplemental document 

fon must be submited 10 JoAnn Suthill, National Institutes of Health. 
‘Alexander Drive, Mail Drop NH-01, Research Triangle Park, N.C. 27709, 
Jor faxed to 919-541-3659. 


Announcement of an NIH Roadmap Research Funding Opportunity 
ki ASSAY DEVELOPMENT FOR HIGH THROUGHPUT SCREENING 
Request for applications RM-07-008 


This RFA is one component of the NIH Roadmap Molecular Libraries and Imaging Initiative ( http:/nihroadmap nih.gov/molecularlibraties'), 
Its goal is to stimulate pharmacological probe design by funding development of scientifically novel and technologically robust assays that can 
be miniaturized, automated, and used to interrogate small molecule libraries. Investigators are asked to state a biological question that can be 
addressed through the use of a pharmacological small molecule probe, to further identify the requisite features that should be encompassed in its 


design, and develop a screening plan of assays that can be used to identify small molecules with essential probe attributes. 


Assay development proposals should aim to develop assay protocols for novel molecular targets and phenotypes and provide plans to transition 
them toa high throughput sereening format, Investigators sixuld additionally define and characterize a screening project plan to include secon 

and counter-sereening assays, Emphasis will be plaged on sorcening targets tor which an inadesffae array of selective and potent small mole 
modulators are available to the public. Support will be Provided via.a R21 mectianism with $125,000 %n direct costs available. 


The RFA is intended to promote the deyelopmety of automated screening projects that entetahe Roadaiap Molecular Libraries Sereening Center 
Network. Funded applications will be able 1 Wireetly request screening by the MLSCN followingjproject.gomph The overall goal of the 
Molecular Libraries and Imaging {nitiatiye isto create a public database of biological information about Small molecule chemical structures (see 
PubChem; http://pubchem.ncbi.lm.nih,géy), Which will further seed thedevelopment of small molecule, phiarmagological tools for biological 
research, 


Itis anticipated that 20 projegfSwill Bf Funded (or $4 million) il response tdthis RFA, Further announcements are planned in sueceeding years, 
Investigators should submit a letter of fitent by May 2 fopie next subynission datc 6F Maly.16, 2007. Additionalinférmation about the announce 
ment can be obtained at the following. website: hupéligrants nihsgow/granis/@tide’rfa-filesIREA-RM-07-008. himl..of, by contacting Program 
Director Mark Scheideler, Ph.D., bysemail at: sobi@idelerny«.nifids.nih. ov 


me 
Hep MILLions v = 


The National Institute of Allergy and Infectious Diseases (NIAID), the second largest institute of the world-rendwned National institutes of 
Health (NIH), supports and conducts basic and applied research to better understand, treat, and prevent infectious, immunologic, and allergic 
diseases. For more than 50 years, NIAIDiresearcl has let'to new therapies, vaccines, diagnostic testsand otherttechnologies that have helped 
millions of people around the world. 

Join the fight for global health. Your individual talents are néeded to help us complete our mission. NIAID is continuously searching 
for qualified: 


Medical Officers + Program Managers/Ditectors * Staff Scientists + Microbiologists 

* Nurse Consultants + Health Specialists and many more. 

Work with some of the most talented investigators in this country and abroad who are committed to improving global health in the 21st century. 
The DHHS, NIH, NIAID offers unique training and career building opportunities, competitive salaries and a comprehensive benefits package. 


To leam more about NIAID and to view our available opportunities, please visit: http://healthresearch.niaid,nih.govlis 
We are happy to respond to your questions and you may contact us at 1-888-798-4991 


juring th April 20-24, 2 


3 recruite ideal p 


To receive bi-weekly information about our curent vacancies, please send your request to OWERTalentAcquisition@maiLnih.gov. 
Please submit a copy of your CV/Resume with this request in order to best match your qualifications to our available positions. 
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ASSISTANT/ ASSOCIATE PROFESSOR OF IMMUNOLOGY 


Fist stm: Ext 
Coupon: $5501 579 

C apeieen 

5 tater Nomber FY 208 

City College i ing Date: Open uns filed with review of appl 

of NewYork [amma ‘ 

POSTION DESCRIPTION AND DUTIES The iy panic of he i ail 

Citew rt underpin rani gue pose es any oon cel elton 

uses tal pocegs fo tans eens saeco a oka ers 

QUALIFICATION REQUIREMENTS: and eo mor yes of poset 

Sek ecpftes We acomstopicos val ae tenounsod isd ocak 

srotcy sod beeper independent nd cpa cr cael 

Peseta 

The Oy Clee ie Yr asx on tl omen es 


Send curnclum ytae and keer detaing riser itera the rams 
un coat eaten or thee whic wo Profemar Jerry Guydca, Chair of Search 
Committee - FY 1284%, Cl Callege of New York, Department of Bags MR 633, 160 
Convent Avenue, New York, NX. 10031, Kemal: den’ cenycunyeda, 
Information on the CCNY Science Dison can be fund at the Cy Calpe web 
sewn scLecm.cumyeda 


The iy Univery of Ne or Eye Enplyrment 


‘ppertorty rma cos but irre 
and Contd At serous ih Debs ct oper 


U 
CITY COLLEGE IS hy | 


= INIA 
SUE Heacti System 


ublic Health ¢ 
The Center for Public Health Genomics atthe University of Virginia 
invites applications for postions atthe Assistant to Pll Professor level 
wih research interests in human molgcular genetics, bioinformutics, 
pidemiology, or statistical genetics. Primary targets of 
tare those indivihials with interest in the genetics of complex 
hhuman disease 
Rank of appointment s dependent upon prior experience und research 
i. These faculty postions ae being joinly recruited in the 
new multdseiplinary Cemer for Public Health Genomics wih primary 
academic agpovntmerd in an existing Department within the University of 
Virgina Sc of Medicine, Candidates who complement existing revearch 
strengihs in cardiovascular diewe, cancer, metaboli disorders obesity and 
nournkgencraive diseases are particularly encouraged to apply 
Candidates should have a Ph.D. and/or MD degree and exceptional 
potential for establishing both collaborative and independent research, 
Newly renovated, high-quality laboratory. space in an exceptional 
computing suppert environment will be provided. 
Fosiiors are avaiable imunediately. Applications should inchade curriculum 
‘itae, email address, a bet statement of propused rescarch program, and 
tues ane akdresees of nee references. Please sen materiak to 
Stephen S. Rich, Ph.D. 

Director, Center for Public Health Genomics 
University of Virginia School of Medicine, P.O. Box 800717 
Charlottesville, VA 229080717 
email: cphg-search@ virginiased 
The University af Virginia is an Equal Opportunity Afinmative Action 

ayer. Women and members of minority groups are sons 
encouraged 1 apps 


Rosalind Franklin University of Medicine 
\ and Science 
Department of Physiology 
and Biophysics 
Secking AssistanAssociate 
Professors 
The Department of Physiology and Biophysics in the Chicago Medi 
cal School at Rosalind Franklin University of Medicine and Scicnce 
is seeking applications wo fil two tenure-track faculty positions atthe 
Assistant Associate Professor level, The successful candidates will be 
expected to develop meritorious extramurlly funded research programs 
‘We re particulary interested in individuals who will complement existing 
dspartmenal and institutional strengths, including: membrane transport 
procin trafficking, protein structure, cli biology vtology. ncurosienc 
and cardiovascular and respiratory physiology. The Department is located 
in anew, state-of.the-art research building designed for multiscplinry 
research group intractions 


The University has begun an expansion campaign to fill twenty-five new fac 
tlt stots, all with nationally competitive salaries and start-up packages. 


Rosalind Franklin University of Medicine and Science is located in North 


Chicago, IL, suburb approximately 40 miles north of the city of Chicago 
Nearby tollways and train stations provide easy access to the many cultural 
‘and recreational amenities of metropolitan Chicago 


Please submit acurricnhum vitae lo 
‘and teaching interests and future pl ew of applicants will beg 
Apri 16, 2007, and continue until the positions are filled. Applications and 
‘nominations should be submitted by mail or email to: Robert J. Bridges, 
Ph.D., Chairman, Department of Physiology and Biophysics, Rosalind 
Franklin University of Medicine and Science, Chicago Medical School, 
3333 Green Bay Road, North Chicago, IL 60064, bob.bridges@ rosa 
ndfranklinedu, 


Rosalind Franklin University of Medicine and Science is an 
Equal Employment Oppornunity/Affemative Action Employer: 


‘The Univeruty of Edinburgh is an exiting 
vibrant, researched acadere comenunity 
‘tering opportunities to work with leading 
International academice whose Visions 
foe shaping tomorrow's wore 


Chair of Developmental 
Biology and Anatomy 


£48,162 - £80,887 


be he 
3 and be encouraged to draw on excale 
for excellence 


Professor 
Professor 


rosement. Previous applicants 


‘Apply online, view further particulars or browse more 
jobs at our website, Alternatively, telephone the 
recruitment line on 0131 650 2511. Rof: 3007169SI. 
Closing date: 27 April 2007. 


alty and Diversity 


In Basic Bioscience and Engineering 


The Rensselaer Center for Biotechnology and Interdisciplinary Studies, an 
outstanding facility for world-class research, is offering up to four endowed 
positions for exceptional faculty in each of the following focal areas. 


@ Biocatalysis and Metabolic @ Functional Tissue Engineering and 
Engineering Regenerative Medicine 

‘@ Biocomputation and Bioinformatics @ Integrative Systems Biology 
“*Constellations” of distinguished p 
invite you and potential collaborat 
‘wil be considered at any level 

RPI is located in Troy, NY, which bord 
away from the state capital, T 

Culture, sporting events and en 


to put yourse 


o ensure success. 
id joint appointments, 


k in the Northeast. Minutes 
along with a diverse 


tain 


For the most important 
research of your life. 


http://rpl.edu/dept/sclence/constellations.htm! 


Re 


Rensselaer 


why not change the world? 


Egual Opp 


WOULD YOU LIKE TO USE YOUR INDUSTRY EXPERIENCE IN LEADING 
THE DEVELOPMENT OF NEW MEDICINES FOR NEGLECTED DISEASES? 


DIRE 


7TOR OF RESEARCH & DEVELOPMENT GENEVA BASED 


DNDi’s mission isto dev 
has built a strong project porttoic 


The Role 
*You will be responsible 
discovery and development pro 
*# You will ead the highly mo 
in Geneva 
*# You will develop and manage relation 
throughout the world 
#You will oversee all Project p 


indation in 2008, DNDi 


in DNDisp 


velopment process 
igainad from senior R&D roles in b 


development, science, regulatory 
* You will have a key state 


scientific expert on the Scientific 


isory Co developing as well 


developed world 
If you would like to explore this exciting opportunity, please email your CV to Vivien Yule at Ruston Poole International ple, Cording House, 


34 St James's Street, London SWIA 1HD. Email: vivien.yul¢@rustonpookecom. For further information visit wwwalndiiorg 
(Closing date for applications: 11th May 2007 


RUSTONPODLE — Recruiting excellence worldwide ; 
NAC DNDi 
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THE UNIVERSITY OF ¢ 


yIRONMENTAL POLICY 
PROGRAM DIRECTOR 
CARL VINSON INSTITUTE OF GOVERNMENT 


‘The Carl Vinson tnstiute of Government at the University of Georgia 
vies nominations and 
Director The Envinemental 
and Outreach anm of the University The lite serves te 2 
ments in Georg Wilt & broad age pon and rsa 
alors PD. me Akater deg 
al pli enn eine rated bed 


Fora complete positon description, deadlines, and contact 
information please see our website at 
np vww hitagacedw Environ, Die pat 


Search Commitee, Environmental Director 
University of Georgia 
‘C/o Exccutlve and Faculty Search Group 
215 §. Jackson Street 
Aitiens, GA 30602 
exccutvescarehiuga cd 


ee 


MICROBIOLOGY AND IMMUNOLOGY 
FACULTY POSITIONS 
University of Maryland School of Medicine 
Baltimore, Maryland 

The Department of Microbiology and Immunology at the University 
‘of Mary land Schoo! of Medicine (http://medschooLumarytand.edw 
Microbiology) is recruiting established investigators with active ROL 
-quvalent funded research programs in host-pathogen interactions. 
Highly qualified individuals wll be considered fr tenure-track Assistant, 
Associate and Full Professor positions. The Department and the School 
‘of Medicine have significant strengths in microbaal pathogenesis, vaccine 
at, HIV biology, inflammation, innate and adaptive immunity, 
ous diseases and intemnational medicine. The Department 
offers excellent laboratory facilities, competitive salary and startup pack- 
and access to numerous core facilities including state-of-the-an 
BSL3 and ABSL3 facilities. We are interested in candidates who use 
rmulkidisciplinary approaches to investigate the intraction of bacteria 
Viral (non-HIV), fungal or parasitic human pathogens with the host and 
witha strong desire to incract with other investigators inthe institution 
Successful candidates are expected to maintain active research programs 

and participate in department teaching and service opporturitics, 
Interested applicants are invited to submit the following ina single PDF 
file 10 e-mail: microfacsearch@som.umaryland.cdu: (1) detailed 
‘curiculum vitae, (2) statement of rescarch interests and goals, and (3) 
names and contact information for three to five references. Applications 

should be addressed tothe attention of: Dr. Abdu Azad, Chair, Ea 

Search Committee 


The University of Maryland, Baltimore isan 
Equal Opportunity: Affirmative Action Employer 


iversity Invites 
sitions at the Pring 
ator Level in Condensed Mat 
Physics and Op 


Hebei Normal Univer ijiarhuang, 
s¢ Is strong in “Condensed 
bothof which have received 
wide. Other areas of particular strength atthe Masters vel are “Astrophysics 
nd “Physics and Chemistry of Materials”. The scientific atmosplere in 
the college is highly conducive to innovation, and provides a supportive 
environment forthe development of young scientists, In onder to further 
Aevelop the co h ofthe College, outstanding candidates 
in the following areas of expertise are invited to apply: (1) Theoretical 
Condensed Matter Physics, (2) Experimental Condensed Matter Physics, 
(G) Theoretical Physics and (4) Optics and Photonics. Candidates should 
have a PhD with significant postdoctoral research accomplishments or 
similar experience, and be under fifty years of age, Excellent writing 
‘communication and interpersonal skills in both Chinese anal English are 
essential, The positions offer startup funding of 120-300 thousand USD 
i! laboratory space of 100-180 square meters Successful candidates will 
be provided with a competitive salary of 15-30 thousand USD pes 
(100-200 thousand RMB) and housing benefits suite of 120 square 
8. acurriculum vite 


is located in the provincial capita 


hensive se 


be established by e-mail 

\@mail.hetbu.eduen. Applications will be reviewed as received 

and accepted until the positions are filled. For further information, please 
the Ci 2/202. 206, 100.Vai/wivfindex htm. 


College of Physics and Information Engineering 
Hebei Normal University 
113 Yu Hua East Road 
Shijiazhuang, 050016 
Hebei Province 
China 


EMORY 
Computational and Life Sciences 


EMORY UNIVERSITY 
Atlanta, Georgia 


Emory is secking to make multiple faculty appointments within 
a Computational and Life Sciences (CLS) initiative (https// 
‘www.cls.emory.edu). CLS is part of a University-wide Strategic Plan 
that has uniquely positioned Emory for significant growth in a number 
cofkey areas (https://admin.emory.duStrategicPlan/). CLS encom: 
passes three broad focus areas: Computational Science and Informatics, 
Synthetic Sciences, and Systems Biology. This interdisciplinary initia 
tive will bridge and build upon Emory’s highly regarded strengths in 
the physical, biological, and health sciences 


Faculty applications at all academic ranks across Computational 
Science and Informatics, Synthetic Sciences, and Systems Biology are 


invited from individuals with a PhD ina relevant discipline and proven 
record of accomplishment in research and scholarship. Mdeal candidates 
will span more than ane CLS focus area and have joint appointments 
across departments schools. We also 

collaborating scientists who bring complementary strengths to the CLS 
initiative. Applic arch and teaching state- 
‘meats. and thr letters of rovommendation directly from recommeniers 
should be sent via email to elvaemory.edu. Informal inquiries are also 
invited by email. Screening starts May 1, 2007 and will continue until 
all positions are filled. For further details on the CLS initiative please 
see: http2// www.cls.emory.edu/ 


e queries from small teams of 


jons consisting of aCV, 


Emory University is an Affirmative Action/Equal Opportunity 
‘Employer ond welcomes applications from women cnt! 
members of minority groups 


‘The Medical Faculty Mannheim, University of Heidelberg offers the 
positions 


following | 
Associate Professor (W3) 
of Neuroanatomy 


Krsearh mash oe Fac) wit a oca on Toad 
the W3: Professorship of| 


Full Professor (W3) 


of Anatomy 
and Developmental Biology 


‘and developing research programs of the Faculty in the fold of 
‘such as the Europe Schoo! 

/-GRKBBO) and the Cooperative Tr Research Grant “Vascular 

EShrentaton and Fomadelng® (FR 23) i tuthermore expected to 

obtain extramural funding by grant appications to 


The Univers ot Heber an Eau Oporto Acon Erp 
btreste carcctes kt atl CV wih copies of carcass 
‘rot br he Kvn sr Dea of ie Mec act Mar. 
Univertty of Heidelberg, Univeraty Macical Canter eos 
Mannhotm, Gormany- 


Photon Science 


DESY is one ofthe leading accelerator centres wordwide exploring 
the structure of matter. The Laboratory main researc areas comprise 
ceementary partie pcs anda toad programme of photon science, 
Including the operation of synchrotron sources and the construction 
and uge of X-ray lasers, Research at DESY relies onthe interplay 
botween photon science, particle physics and accelerator physic. 
3000 researchers from around the world use the accelerator-based 
facies at DESY. 


DESY is soeking a 


Photons 


The activites in photon science include operation of the synchrotron 
‘atkaton source, DORSS li, and the word's brightest hard X-ray source, 
PETRA Ii, available for users in 2009, Since 2006, FLASH, the world's 
first Free-Electron Laser user faclty forthe spectral range ofthe VUV 
and soft X-rays, has been opening up exciting new research fields. It 
\s the prototype of the European XFEL Facility for hard X-rays, which 
vl be constructed in the Hamburg area with stong involvenvent from 
DESY. To develop the scientific and technical concepts forthe best use 
of these new research opportunites. DESY, togethor with the Max: 

Pranck Sooty and the University of Hamburg, has created a Centre 
for Froe-Glectron Laser Studies (CFEL) with five new departments, 


‘An outstation of the European Molecular Laboratory (EMBL) and 
research groups from the Max-Planck Society are currenty pursuing 
an attractive programme in the ife scences. Theso activites wil be 
further enhanced by a centre for structural bology presenty being Sot 
up by the Helmotz Assocation. 


The Doctor for Research with Photons leads these new developments 
and (s responsitie for the photon science activites on the DESY 
‘campus, which is open to national and intemational users. He or she 
should stimulate research with X-rays at the various facilities and 
Support further development of the accelerator facilities. 


‘We invite applications from scientists of international stature who have: 
‘made a major impact inthe feof research wth photons at lage 
user facilites and have a strong research intrest inthe expotation 
of the facts at DESY, including the European XFEL Facity 


For further information, please contact 
Prof. R. Savertvoy (Chairman of the Search Committee, 
1 sauertrey@tad de) or 

Prof, A. Wagner (Chaiman of the DESY Directorate, 
albrecht. wagner @desy de) 


Salary and benefits are paid on the bass ofa full professorship (W3) 
ata German Unversty. DESY is an equal opportunity, afrmatwve action 
employer and encourages applications from women. DESY has a 
kindergarten on sit, 


ScienceCareers.org 


From physics to nutrition 


For careers in science, 
turn to Science 


Looking fora great 
science career? 


If you want your career to bear fruit, don’t leave i 


chance. At ScienceCareers.org we know science. We are 


committed to helping you find the right job, and to 


delivering the useful advice you need. Our knowledge is 


Features include: 
* Thousands of job postings * Resume/CV Database 
© Career tools from Next Wave * Career Forum 


© Grant information 


firmly founded on the expertise of Science, the premier 


ific journal, and the long experience of AAAS in 


advancing science around the world. ScienceCareers.org 
is the natural selection. WWW.SCiencecareers.org 


ScienceCareers.org 


We know science 


DIRECTOR, INDIANA UNIVERSITY 
CENTER FOR REGENERATIVE BIOLOGY AND MEDICINE 
INDIANA UNIVERSITY-PURDUE UNIVERSITY INDIANAPOLIS 


The Department of Biology in the School of Science at Indiana University-Purdue University Indi 
napolis (IUPUI) seeks outstanding applicants for the Directorship of the Indiana University Center 
invites applications for the positions 1c Biology and Medicine (CRBM). The suecessful applicant will have an established 
of research program in developmicntal or regenerative biology commensurate with appointment at the 

rank of Associate or Full Professor. The Director is expected to take a leadership role in building 


of the University of 
Fribourg/Switzerland 
(Department of Geosciences) 


for Regenes 


one FULL PROFESSOR 


the research capacity and external fundin 


‘of the CRBM and to funher develop graduate proj 


and one 
ASSOCIATE PROF 
in Physical Geography 


ESSOR to gender, race, e 


industry. The 


The successful candidates should have 
expertise in (1) physical processes and 
the 


environmental changes concernin 
eryosphere 
in (2) geomorphole 
controll, nedscape 
evolution in mountain regions. He or 
she must have an excellent scientific 


gical processes 


state of Indiana is ¢ 


record and will develop a competitive 
rescarch programme. Teaching involves 
phy at 


courses in Physical Ge 
BSc, MSe, and PhD levels 


Candid 
application by May 31, 2007, accord 
to the information and guidelines 


wail May 
wwwanifich/geoscience 


geographie/newposition.pdt 


research area of high priority for the Departme 
Visit www.selence.iupuledu. 


and technology transfer in regenerative biology and medicine. Candidates must be sensitive to the 
needs of, and possess an interest in. working in an academic community that is diverse with regard 
icity, nationality, sexual orientation, and religion. Salary will be commensurate 
With experience and star-up funds will be available 
The CREM isa collaborative effort between the School of Science, the School of Medicine, and 
the CRBM is to understand the mechanisms of tissue, organ, and limb regen 
cration and translate that understanding into clinical regenerative therapies, The CREM interacts 
with other centers on campus that have overlapping research interests and has access to numerous 
core facilities, including facilities for low cytometry and imaging, computational molecular science 
transgenic and knockout mice. DNA and protein synthesis and sequencing, t 
ies, and proteomics. For more information, sce the CREM website 


ged in a major life sciences initiative that unites the expertise of academic 


institutions and private industry. AS part of this initiative, regenerative biology and me 


Biology. For information on the department 


TUPUL isthe Indianapolis campus of Indiana University. The campus enrolls 29,000 students in over 
185 degree programs and is the top generator of rescarch funding in the state. For more informa 
tion on IUPUL, visit ww dupul.eda. Indianapolis isthe L4* langest city in the United States, with 
a metropolitan area population of 1.6 million, a relatively low cost of living and many cultural, 
are requested to submit their recreational and educati 


Letters of application, a curriculum vitae, and the names of three references, should be directed 
lly 1o David L. Stocum at dstocumériupuiedy, Our mailing address is: Department 

723 W. Michigan St. Indianay 
‘oF until a suitable candidate has been identified. 


IN, 46202, Applications will be accepied 


TUPUL is an Affirmative Action Equal Opportunity Employer 


OPPORTUNITIES FOR SCIENTISTS OF INDIAN ORIGIN 


GOVERNMENT OF INDIA 
MINISTRY OF SCIENCE & TECHNOLOGY 


DEPARTMENT OF BIOTECHNOLOGY RAMALINGASWAMI FELLOWSHIP 


‘Applications/nominations are invited for *Ramalingaswami Fellowship”, 2 
scheme newly insttuted by the Department of Bictechnology, Ministry of 
Science & Technology, Govemment of india. The scheme is for scientists 
physician researchers and bio-engineers of nian orign working outsde the 
Country ll over the world in various fields of bitechnology, le sciences, 
bio-engineering, translational science and other related disciplines who are 
Interested in taking up scientfic research positions wn Inia. 


The applicant should possess a higher degree or equivalent, such as PRO in 
Lite Sciences’ Agriculture, Bioinformatics, Engineering, Masters in 
Engineering or Technology’ Medicine etc. and outstanding track record 
Teflected in publications and other tecognitons. The duration ofthe 
fellowship wl be for a period ot five years, extendable by another 5 years 


(© The amourt ofthe felowship wil be Rs.50,000/- per month for te fst 
3 years and Rs 60,000/- per month durng the last two years. Each awardee 
wl in addition, receive a contingency grant of Rs. 5.00 lakh per annum. 

© Famalingaswami Fellows could work in any ofthe scientific instttons 
Universities inthe country. They would also be eligible for fast track and 
regular research grants through extramural and other research schemes of 
various SAT agencies of the Government of Ind 


Nominations applications should be sent post or email to: 
Dr. Meenakshi Munshi 
Join Director 
Department of Biotechnology, 
Block-2, 6-8th Floor, O60 Complex, 
‘Lodi Road, New Delhi - 110 003. 
‘mal: meenaksh29@dbt nicin 


The applicationsinominations may be sent with consent of the proposed host 
Intute latest by 20th April, 2007. In the event, assistance is required for 
locating a host institute, facilitation will be provided upon request. For 
application format and other details please visit the website of the 
Department www.dbtindia.gou.in 


PROFESSOR OF NANOPHOTONICS 


Position Detail: Tenure Track ~ Assistant/Asociate 
Full Profesor 


eC Csoummnn 


Catlege Web Se: wwe csc 
City Collece ant 
Y SVARIPRE Closing Date: Msiton is open unt filled, with review 
of NewYork cof applications to begin on May 1, 2007. 
POSITION DESCRIPTION AND DUTIES: The Diisin of Scence seks 
‘esearch i the aca cf nioscale oni utr syed, neal 
‘crop christen, nasicade pink: Gb farce, De 
Spaced tu dency a genes meal Sande reomrch rapa sad 
x syrah ergpog cancel petri reserat ses 
the colleg and wih cleaguc her Gy Lahey of NewYork campuses 
that we ibe 
QUALIFICATION REQUIREMENTS: Ph.D required fr apyiniment in all 
profoserie rans. Depending on applicant's ulicatons unl experience 
Fepelaomet fl be mode at n/t esac rill profesor le 
TO APP: pcan shuld ride 2 wh as fbn, a descripon 
t fomwe rch plas, hig areas ond cpenc, and § ls of 
‘een se independ to Dean Sara Tanarge, Nanepbotencs 
Faculty Search teat, Ms. Wis Rosai, The Cy Calle of New York, 
160 Convent Ave. Dison of Science, Room #MR1320, New York, NY 
10031. Or yea: wresaro(Geenpcunyed 
Fer OOM webs psig sex: p/w ene 


the CUNY Photonics tnatve 


The City University of New Yor isan Equal Employment 
Opportunity Afirmatire Action Immigration Reform 
cand Control Ae somericans with Disboities Act Emplayer 


CITY COLLEGE IS ny | 


jenceCareers.org 
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Northeastern 


"Northeastern University (http://www. biology.sveu.edu/index html). The 
successful candidate will lead and expand an evolving department that plays 
‘key role in the research and educational missions of the University 


‘Weare secking nationally recognized leaders who have an on-going recon 


‘of competitive research funding. The Bology Department has 28 faculty 
and is currently searching to fill two additional tenure track positions. 
The Departinent’s undergraduate programs enroll 450 biology majors and 
270 undergraduates in wo interdepartmental programs, biochemistry and 
‘behavioral nuroscience. Graduate programsserve $0 PRD students. There 
are also professional MS programs in Bioinformatics, Biotechnology, and 
Marine Biology, 


‘Research interests in the department are diverse and span the spectrum from 
‘organismal to molecular studies. The successful candidate will comple- 
these areas or will bring his/her own theme and cluster of key hires. 
‘We are especially interested in an individual who will foster and expand 
collaborative and interdisciplinary rescarch. Existing interdisciplinary in: 
tiatives include Biotechnology, Neurobiology, Sensing and maging. and 
with participants from Chemistry and Chemical Biology, 
Physics, Engineering and the College of Health Scicnces. As part of the 
University’s continuing growth as a research institution, Northeastern is 
inthe process of hiring 30 outstanding faculty to pursue interdiseiplinary 
research and teaching. 
ye start-up package will be provided. Please send a letter 
vitie, the names and contact information for 
five references, and a brief description of rescarch interests. The carl 
st anticipated start date is fall of 07, and the search will continue until 
the position is filed. Applications should be submitted electronically to 
blojobsar new.edu. 


Northeastern University is an Equal Opportunity/Afiemative Action 
Employer: Candidates from groups underrepresented in science are 
specially encouraged to apple 


Tenure-Track Faculty Position 
‘The Department of Microbiology and Immunology 
Medical University of South Carolina 
Charleston, South Carolina 


‘The Department of Microbiology and Immunology at the Medical Uni 
versity of South Carolina is secking applicants for tenure-track positions 
at the Assistant Professor level in the areas of tumor vaccine development 
andlor tumor gene therapy. New faculty will have access o a competitive 
salary and startup funds and benefit from protected time forthe establis 
‘ment of a nationally competitive research program. Independent funding 
i highly desirable, Relocation of established funded research programs in 
tumor vaccines or tumor gene therapy will be considered, In 2006, new 
laboratory space opened in the Hollings Cancer Center. The Department 
provides teaching to multiple colleges within the University, and all Facul- 
tics participate in professional and graduate education as well asm 

an active research program. 


The Medical University of South Carolina is a rapidly growing 
environment. Extramural esearch support has consistently increased over 
1 past 10 years, topping $189 milion in 2006, Research centers include 

the Hollings Cancer Center and the Center for Cell. Gene, and Vaccine 
Therapy. State-of-the-art research facilites include X-ray crystallography, 
‘mass spectrometry, proteomics, microarrays, functional imaging, and eon: 
focal microscopy. A BSL-3 small animal/wet lab is completed and will be 
‘commissioned by the fall. A major new facility in biomolecular NMR is 
under development. The Charleston area provides an outstanding quali 
of life in historic coastal community offering excellent opportunities 
the ats, sports, recreation, and cuisine. 
Please reply to wwnJjobs.muse.edu or www.musc.edw/hrm position 
1043499, of send curriculum vitae, research interests, and send three let 
tersof recommendation addressing both research and teaching potential: 
Tumor Immunology Search Committee, c/o Katherine Lindley, Depart- 
‘ment of Microbiology and Immunology, Medical University of South 
Carolina, 173 Ashley Avenue, PO Box 250504, Charleston, SC 29425, 

The Medical University of South Carolina isan 

Affirmative Action/Equal Opportunity Employer 


‘TIONAL 
IEWISH 
‘Medical and Research Center 


‘Global ender in Langer 
‘odmmane Dieses 


FACULTY POSITION: 


every (sas st ae eh salad Reh ete 
ar Arie kta Opry emp 


Goniversity of Colorado Health Sciences Center 


Featured Employers 


Search ScienceCareers.org for job postings 
from these employers. Listings updated 

three times a week. 

Abbott Laboratories www.abbott.com 

‘Amgen. www.amgen.com 

Elan Pharmaceuticals www.elan.com/careers 
Genentech www.gene.com 


Kelly Scientific Resources 
www.kellyscientific.com 

Novartis Institutes for BioMedical Research 
www.nibr.novartis.com 


Pfizer Inc. 
www pfizer.com 


Philip Morris 
www.cantbeattheexperience.com 


Pioneer Hi-Bred 


www.pioneer.com 
if you would like to bea featured 
employer, 21 202-326-6543, 


From life on Mars 
to life sciences 


For careers in science, 
turn to Science 


If you want your career to skyrocket, visit of Science, the premier scientific journal, and 
ScienceCareers.org. We know science. We are the long experience of AAAS in advancing 
committed to helping you find the right job, science around the world. ScienceCareers.org is 
and to delivering the useful advice you need. the natural selection. 

Our knowledge is firmly founded on the expertise WWw.SCiencecareers.org 


Features include: 

* Thousands of job postings * Resume/CV Database 
* Career tools from Next Wave _* Career Forum 

© Grant information We know science 
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Looking for 
Career Advice? 


Find a wealth of information relevant to your: 
current career and future employment decisions in 
the Science Career Features. 


UPCOMING FEATURES: 
April6: Careers in Cancer Research 
April 20: Postdoctoral Careers: Trani 
April 27: Biotech and Pharma 


Also available online als) oersresonteen tr 
wwwsciencecareers.org /businessfealures: 


©2007 Jupiterimages Corporation 


U.S. Environmental Protection Agency 
Office of Research and Development 
National Exposure Research Laboratory (NERL) 


Branch Chief (Supervisory Biologist/Supervisory 


Physical Scientist), GS-14/15 Do what 


fora Urach Chef pion bnued the Nana Capone Recah 

Uther (NERL),avimentl Seecs Divan (9D) Las Vos you love. 
howrepaged) Th acon of i por wi ores 

tivChefof te Lindeape tooloy Sach wal is tpered wer bo 


it Supervisory Physical Scientist and to conduct 
undo internationally recognized expert in his hee 


dof recarch related tothe ESD's and NERL mission. The incumbent Li hat 


deve oor and ods rh sola felon onomcel pc you do. 


lems, specifically regarding the vulnerability of ecosystems nd watersheds 
to human-induced and natural stress. The incumbent serves as a first-tine 
supervisor for a staf of about 20-25 researchers, technicians, and support 
staff located primarily in Las Vegas. 


Thisisa pemanentfilsime postion requiring US. itzenship. Candies www.sciencecareers.org 


must meet U.S. Office of Personne! Management qualification requirements 
including specific educational course work. Desirable applicants will have 
a degree in the areas of biology, landscape ecology of related biological 
‘andlor physical sciences disciplines. Salary ranges from $79,115 1oS120.981 
and is commensurate with qualifications. The selected candidate will be 
eligible fora full benefits package, including relocation, bealth insurance 
life insurance, retirement, and vacation and sick leave 


HOW TO APPLY: This position will be advertised through the Federal ScienceCaree: 
Government's job web site: http://w watsajobs.gov. For additional nfo. 

mation regarding the application process please contact: Ms. Barbara We know science 
Howard at (800) 433-9633 or via cmail at howard. barbara‘ecpa.gov 


The U.S. EPA is an Equal Opportunity Employer: 


Get the experts behind you. 
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www.ScienceCareers.org 


* Search Jobs * Career Forum 
Next Wave * Career Advice 

* Job Alerts * Meetings and 

© Resume/CV Announcements 
Database © Graduate Programs 


All features on ScienceCareers.org are FREE to job seekers. 


ScienceCareers.org 


Q_ AAAS 


Katherine Socha, Ph.0. S. James Gates J, Ph.D. Leonard Susskind, Ph.D, 


got interested in math rather en | was six my fathe My father had no idea what a 


late, But | liked se me some books on physi 


10 be like Einstein 


ntences in high school. In kets and stars, and my 


lege, | found a similar sort verse exploded 


of architectural approach ti 


mathematics an 


Why did you become a scientist? 


We would love to know. E-mail us with tl 
questions and you could appear in an advertisement 
ant to bea scientist? How did you get into 


™ — MAVAAAS 


Find out more at www.aaas.org/stories ADVANCING SCIENCE. SERVING SOCIETY 


nswers to the following 


in Science: 


What first made you 


science? And what are the most important aspects of your 


and how will it impact 


aX a ae 
REGISTER NOW 
Attend the Premier Meeting 
in Stem Cell Research 

Early Registration 
Discount Deadline: 
April 17 


Details Available at_ 
www.isscr.org 


Co-Sponsored’by 
the Australian Stem Cell Centre 


POSITIONS OPEN 


DENNING FAMILY PROFESSOR of 
‘SUSTAINABLE DEVELOPMENT 
Columbia University in the City of New York 


sey or te associate PxOressox tevec || Who inspires Wh at’s 
oF sininabilty sdewe, Tats endowed Promo brainwaves while | 


ship, made possible by a gift from the Denning 


next 
career 


move? 


Get help 
from the 
experts. 


highly compettive Ph.D, program in sustainable 
dksclopment: ap undergraat onvetration 
sustainable development, and an increasing number 
Of faclky and esearch amociatey in cconomics, 
international and p the Business School, 
Barnard College, Doherty Earth Ob 
servavory and the Earth Inskure involved with 
duomainable development. ‘The appoinament wil be 
in the. Department of Ecology, Evolution, and 
Environmental Biology, A PhD, in the natural 
sciences ‘or related field Is required. Application 
Screening begins May'18, 2007" Plase send elec 
tronialy the fellowing five ems in application f 
the positon; (1) acunculum ac, (2) statement o 
rescrch, (3) matement of education, (4) concep 
tunlvation ofa program in sustainable developer 
dnd (8) tot of thre rerence-contacs (nares i 
ication, and c-mall adress) to: Shahid Nacem, 


6G! study the mathematical 

equations that describe the 
motion of water waves. Different 
equations represent different waves 


‘Gai of the Denning Fannily Search Committee, | | waves coming onto abeach, waves 
eee ematay Cobiabe Doreeaty, cee ln.a puddle, or waves in your bath- 

sn2l21@columblaed, For funhcr intermation, | | — tub. Then when Ive surfed the math 3 

see website: http://www.columblaedy/eu/ | | | ike nothing better than to spend www.sciencecareers.org 


Sb/Aenning html, 
tery at lige Oppo ‘Ate 
on Linpayr 


the restof the day surfing the waves. 


colin 
A 


This fields very important. The better 
we can model water waves, the better 
we can predict the patterns of 


* Job Postings 
Agaceiceee beac erosion and natural 
The Deparment of Heath Sciences ot Has 
eB Unixrty (TSU) seks apes. | | going a member of AAAS * Job Alerts 
SISTANT | | means | get to leam about 
ing unerarate and areas of interest | might not © Resume/CV 
in anatomy /physiology and upp otherwise encounter. It gives, 
satan, opm ime valuable opportunities 4 Database 
Deprtnen hs eapeced PhD, prekrred, to exchange ideas with col- 
Sean taecer ene cereih | | leaqusinoter Rls. Anisheos * Career Advice 
anatomy may be considered, Application review ime find new approaches to my 
ail latins Gwecinrar sui Oil taped en | | vcunvwert: ” from Next Wave 
Ujulcttons and expercnce- Pac sabre ETSU 
Shnlsion,carsin vac deacon ofr || Of Katherine Socha is an assistant wiCarece Fararii 
ici nerou td uevunasctec recess || prferger of mathenatke at at 
i eid Sagi, rence aad Gat, | | avs cole Maran. She abo 
TN S76IC 1709, cma palghe@esuedas | | TTemnerorMAAs. * Graduate 
others at wawaaas.org/stoes Programs 
CCottinbla University instune for Cancer Genetics * Meetings and 
Assoc Research Scie polo wallet Announcements 


study. molecular pathogenesis of sarious cancers 
including breast, Iymphoid, prostate, Wilms tumor, 
acute Jeukemias, and brain cancers. Ph.D. or M.D. 


Sn extensive relate rexarch eaperience requred 
Please send statement of research interests, AAAS 
lum sic, avaabity, and names of reference 

Dr. Linda Lowenstein, Insite For Cancer Genet 

ics, Columbia University, 1130 St. Nicholas Ave 
nie, Room 508, New York, NY 10032. 


Columbia. Univesity sn ABirmative Action Equal 
Oppomniny Employer 
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GRADUATE PROGRAM. 


INSTITUTO 
cI 


ULBENKIAN DE 


Call for applications 


* PhD Programme Gulbenkian 
Champalimaud Brain & behavioural 
systems 

* PhD Programme in computational 
biology 


* — Gulbenk 
Sciences) 


PhD Programme (Life 


On-line applications are open to April 20 


2007 


Further information at 


www.ige.gulbenkian. pt 


WHO HAS 


~3,200 


4 to transition from 
ustry? 


Should you do a postdoc in academia 
industry 


JOBS 


UPDATED timo 
DAI LY? Visit ScienceCareers.org and 


start an online dialogue. 


_———— 


We know science LVN 


We know science AYAAA: 
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POSITIONS OPEN 


The U.S. Army Engineer Research and Develop: 
ment Center Environmental Laboratory (ERDC-EL) 
has career opportunitcs for COMPUTATIONAL 
BIOLOGISTS and BIOINFORMATICISTS in 3 
Fully funded program in toxicogenomics and predic 
tive tnicology. We are expanding our traditional ex 
nicology’stixBics using’ toxicogenomic (genomics, 
proteomics, and mctabonomies) and computational 
‘cology methods to assess and predict efscts on 
ecological reesptors (rats, birds, fish, and earth 
worms), Master's or PhiD.-level researchers are 
riceded to direct, develop, and exceute bioinformatics 
and computational biology/toxicology efforts with: 
in this program. Fields of interest include, but are 
not limited to: (1) Biological networks (6 ap 
ches for the analysis af metabolic and signaling 
pathways, and regulatory networks) (2) Compara 
tive and functional genomics (eg, peorcin. and 
genome evolution; transcriptional and metabolite 
profiling); (3) Metagenomics (c.g., analysis 
Inicrobial consortia; (4) Structural bioinformatics 
(e.g. analiss of protein strictural domains; homol 
‘ogy modeling); (5) Knowledge discovery and data 
mining (eg, biological data integration, cluster 
analysis, paticrn discovery, biological ontologies); 
(6) Predictive tosicological modeling. Salaries wil be 
‘ompetitive and financial recruitment incentives ate 
availible are avallable and will remain 
mail 3 let 
bjectives and 
research interests, a resume, and examples of recent 
ublications, along with ‘the names, telephone 
imbers, and e-mail addresses of three seferences 
Dr. Ed Perkins (e-mail: edwardj.perkins@us, 
amny:mnil), Environmental Laboratory, U.S. Amy 
Engineer Research and Development Center, 3909 
Halls Ferry Road, Vicksburg, MS 39180. 


in environmental rescarch and eskicaton, sccks an 
iceptionally qualified sientist with a PhD. ia 
cology or relate field, with extensive experince 
it managing research ‘and education institute, 
ctedentals to serve as Principal Investigator oe 
imajor research projets ected to ver basin and 
logy proven abibty to build collabo: 

d ctcation programs, and stron 
Administrative and management experience, to xrve 

Director and Chict Scientific Officer of the 
Academy. ‘The Weal candalte will be visonary in 
valuating cical natal resources sic, sled n 
formulating plans to develop programs arcu those 
isis, and fave expertise in technical want writing 
Imvadution, the Director will develop and maintan 
elite focal and regional networks, and academic 
Miiations. Salary commensdrate with eaperience 
dan sccomplishments, and a. package of bench 
(including retirement and health insurance) i 
salle, Applicants should send curriculum 
st argh interest an contact norms 
thon for thrce references, preferably by e-mail, by 
April 20, 2007, to» Director Search Committee, 
Southeastern Natural Sciences Academy, 1858 
Lock and Dam Road, Augusta, GA 30906, 
E-mail: jobs@naturalsiencesacademy.org 

For more information about the Academy and 3 
full position description, please vise our website: 
hap! / /worw naturalscicncesacademy.ong. 


A cantionascular Laboratory in Temple University 
School of Medicine is looking for POSTDOCTOR- 
AL FELLOWS to study mechanisms of eantiovas 
star disease, website: htp:/ /deveop.temple.edt/ 
medicine/faculty/w/wangh.asp. The applicants 
should have strong background in molecular biology 
and cardiovascular science. Lipid or animal work ex 
perience is prefered, Send curiculum vitae and thr 
Feferences to. Dr. Hong Wang, 3420 N. Broad 
Street, Philadelphia, PA 19140 or e-mail: hongw@ 
temple.edu. 
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POSTDOCTORAL FELLOW in 
BIOINFORMATICS 
Universty of Washington 
Seal, Washington 


ff the Northwest 


g Infectious Dicascs Research and the 
Miller Laboratory at the University of 


Samucl I 
Washington consists of outstanding biologists and 
computer experts who combine their specific skills t0 
[provide computation! solutions to biological probs 
ems while working closely with bactenal pathogene 
sis researchers. ‘The research focus for this postion. 
invohes comparative genomick of gram-negative 


hractera in n with proteomics and mito 


in humans, This position provides a opportunity 
for a Biologist with laboratory experience to devclon 
formatics programming sills using Perl scripts, 

the statistical lnguage R, or other program 
languages. Candidates with strong analytical skills 
and a track record of accomplishment in a biological 
discipline are encouraged to apply. A Ph.D. in 
istobiology, molecular and celular biology, genct 
0¢ 4 related byological scicnce i required. Prot 


‘capericnce is desired but ot essential 
apply, send curriculum vitae, a list of 
references, and a brief statement of research interes 


Sand goals to De. Mitchell Britenacher at e-ma 
ibrittna@u.washington.edu, 


POSTDOCTORAL FELLOWSHIP in 
DRUG DELIVERY 
Harvard University 
Applications are ievited for a P 
tion’ in the School of Engince 
Sciences, Harvard Universi 
targeted bposome delivery 
cellule response to chemical 
impact of chemical cues on call protein regulation 
1 chnical applications. Paor hands-on expencnce it 
the areas of polymer chemistry, molecular and cel 
lar biology, and in vivo testing a plus We are 
sccking a highly motivated candidate with an expert 
mental bickground, strong academic record af 
publications, The candidate shouk! have a. Ph.D. 
{or expect to graduate by Tune 2007) in chemical 
fengincening, bwengincering, materia science, 
Felated dinciplincs. The candidate is expected to start 
in summer 2007. Applicants should send their cur 
Ficuluum vitae, list of publications, and names of thrce 
references to: Debra Auguste (e-mail: auguste® 
seasharvard.edu). 
Harvard is at Egil Oppo 
Baploper._ We sagly 


Action 


POSTDOCTORAL POSITIONS 

Up to four Postdoctoral positions are available 
suudy the role of complement and inflammation in: 
(1) Tsehemia reperfusion injury, (2.) Organ trans 
plantation and, (3.) Apopross-based therapy of 
Cancer, A background in immunology is preferred 
Sn, for organ transplantation projects, capenience in 
small animal surgery is cucntal (preferably mouse 
candace transplantation). Expericnce in molecular 
biology techniques and/or’ recombinant protein 
‘expression would ako be helpfal for some prokets 
sential. These ponitions are being offered in the Lab- 
‘oratories of Drs. Stephen Tomlinson and James 
Norris. Please reply to websites: http://www. 
jobs.musc.edu or www.musc.edu/hrm position 
4043495 or send curiculum vitae and research in- 
teres by email: tomfinse@musc.cdu. Stephen 
‘Tomlinson, Ph.D., Medical University of South 
Carolina, Department of Microbiclogy and Immu- 
nology, P-0. Box 250504, 173 Ashley Avenue, 
(Charleston, SC 29466. 


POSTDOCTORAL FELLOWSHIP 
Wellesley College 
Wellesley College invites applications for a Post 
doctoral Fellowship (two to three years) for projects 
‘on neuropeptidases and stcroid hormones in brain 
‘The Fellow will work with an interdicipliary (bio: 
logical chemistry and neuroscience) team of Faculty 
mentors and our undergraduate students on local 
iaation and role of an endopeptidase in. brain, 
Experience in biochemistry and molecular biolog, 
including enzymology or immunohistochemisty’, 
is desirable. ‘The Fellow will have opportunities 
for mentored teaching assignments, Applications, 
including curriculum vite, statement of research 
experience and rescarch interests, and three letters 
of recommendation, should be sent to: Adele 
Wolfson, Office of the Dean of the College, 
Wellesley College, 106 Central Street, Wellesley, 
MA 02481, of email: awolfson@wellesley.cdit, 
Review of applications will begin on April 30, 2007, 
Welledey College has been a leader in the education. 
fof women for more than 130 years, and ontinucs t0 
bbe one of the top libceal ats colleges in the coustry 
F Boston, the College provides ontstand 
xx for teaching. and rescarch. Wllstey 
Aion’ Equal Oppornity Eng 
se commie ene the dry of the 
coma ant the emi. Candies i Where ha Hy 
an cle A tht ode mound 8 apy 


finger 
‘oncoprotein EVIL. We have developed a number 
genctic models to investigate its function, Please 
fend curriculum sitae and names of three references 
(o: Archibald 8, Perkins, M.D., Ph.D. at e-mai 
archibald.perkins@yale.cdh 


Stop searching 
for a job; 
start your career. 


Ar ites for 5’ & Int. Modifications 
Standard and Specialty Amidites 


moseance 4+1.800.GENOME! 


EZBiolab \ 
Custom Peptide 10mg 90%: $19.59/aa 


ezbiolab.com 


‘AB Production $785 peptide included 


Gene Synthesis $1.20 
SIRNA 20nmol PAGE purified: $285 


www sciencecareers.org 


What if staying up to date with the 
latest technology published in journals 
and patents were as easy 
as pushing a button? 


is. 


With the “Keep Me Posted” alerting feature, SciFinder sends you 
automatic updates on areas you—and your competitors—are interested in. 


You can monitor specific research topics, com 
how frequently you receive notifications: daily, 

The service isn’t just convenient, its incred 
SciFinder before they're even in print, New references, substances, 
Patents from all the major offices are added within two days of issuance. 

As with all SciFinder features, Keep Me Posted is integrated with your workflow, Atany point ina 
search (including the beginning), simply click on the Keep Me Posted button. SciFinder tracks your 
steps and will generate the appropriate alert—even for complex topies. When you rece 
notification, you can follow each reference as you would in a search: find citin, 
links to the electronic full text), 

Comprehensive, intuitive, 
find out more, call us at 800- 
www.cas.org/SCIFINDER. 


ies, authors, substances, or sequences, and choose 
hly, or weekly. 
ly current. Journal 


ticle records often appear in 


nd sequences are added daily 


or cited articles (with 
nd follow referenced substances and reactions for further information, 
it’s part of the pr 
3-4227 (North America) or 614-447-3700 (worldwide) or visit 


amless—SciFinder doesn’t just alert ye ss. To 


SciFinder’ 


Part of the process:" 


CHS A division of the American Chemical Society. SciFinder is a registered trademark 
Cf the American Chemical Society. “Part of the process” is a trademark of the American Chemical Society 


Inflow cytom etry; | 
every dot tells a story... 


The ImageStream’system 


ImageStream. Think outside the dot. amnis 


